WORLD INTEU-ECTUAL PROPERTY ORGANIZATION 
Internationa] Bureau 



per 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Gassification ^ : 

B29C 47/12, B32B3/30 
D02G3/22,D01D 5/24 



Al 



(11) International Pablicati n Number: WO 91/12949 

(43) International Pablication Date: 5 September 1991 (05.09.91) 



(21) International Application Number: 



PCT/US91/00923 



(22) International Filing Date: 



12 February 1991 (12.02.91) 



(30) Priority data: 
482.446 



20 February 1990 (20.02.90) US 



(71) Applicant: THE PROCTER & GAMBLE COMPANY 

[US/US]; One Procter & Gamble Plaza, Cincinnati, OH 
45202 (US). 

(72) Inventors: THOMPSON, Hugh, Ansley ; 5777 Windermere 

Und, Fairfield, OH 45014 (US). KRAUTTER, Edward, 
Herman ; 7580 Fairwayglen, Cindnnati, OH 45248 (US). 



(74) Agents: REED, T, David; The Procter & Gamble Com- 
pany, Ivorydale Technical Ctr., 5299 Spring Grovt Ave., 
Cincinnati, OH 45217-1087 (US) et al. 



(81) Designated States: AT (European patent), AU, BE (Euro- 
pean patent), BR, CA, CH (European patent), DE (Eu- 
ropean patent), DK (European patent), ES (European 
patent), FI, FR (European patent), GB (European pa- 
tent), GR (European patent), IT (European patent), JP, 
KR, LU (European patent), NL (European patent), SE 
(European patent). 



PubUshed 

mtk international search report 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) riUe: OPEN CAPILLARY CHANNEL STRUCTURES, IMPROVED PROCESS FOR MAKING CAPILLARY CHAN- 
NEL STRUCTURES, AND EXTRUSION DIE FOR USE THEREIN 



(57) Abstract 

Capillary channel polymer fiber and sheet structures 
for use in absorbent webs and textiles having one or more in- 
trastructure capillary channels that provide good capillary 
function for a given weight of material: said structures have a 
capUlaiy charmel base (6), and at least two capillary charuiel 
walls (4) extending from said base along the length of said 
base in the axial direction for at least about 02 cm, said base 
and walls form said capillary channels (8) ; and said structures 
have a Specific Capillary Volume of at least about 1.2 cc/g, a 
Specific Capillary Surface Area of at least about 500 cm2/g, 
and a Compressive Strength (Dry) of at least about 13,800 
dynes/cm2. An improved process and extrusion dies are al- 
so prov^d^. 




0 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Ausuia 


E5 


Spain 


MC 


Madagascar 


AU 


Australia 


PI 


Finland 


ML 


Mali 


BB 


Barbados 


PR 


France 


MN 


Mongolia 


BE 


Belgium 


GA 


Gabon 


MR 


Mauritania 


BP 


Burkina Faso 


CB 


United Kingdom 


MW 


Malawi 


BG 


Bulgaria 


ON 


Guinea 


NL 


Netherlands 


BJ 


Benin 


OR 


Greece 


NO 


Norway 


BR 


Brazil 


HU 


Hungary 


PL 


Poland 


CA 


Canada 


IT 


Italy 


RQ 


Romania 


CP 


Cenual African Republic 


JP 


Japan 


SO 


Sudan 


CG 


Congo 


KP 


Democratic People's Republic 


SB 


Sweden 


CH 


Switzerlantl 




of Korea 


SN 


Senegal 


CI 


C6tc d*lvoirc 


KR 


Republic of Korea 


SU 


Soviet Union 


CM 


Cameroon 


U 


Liechtenstein 


TD 


Chad 


OS 


OEechoslovaltia 


LK 


Sri Lanka 


TG 


Togo 


DE 


Germany 


LU 


Luxembourg 


US 


United Stales of America 


DK 


Denmark 


MC 


Monaco 







wo 91/12949 



PCT/US91/00923 



-1- 

OPEN CAPILLARY CHANNEL STRUCTURES, IMPROVED PROCESS FOR MAKING 
CAPILLARY CHANNEL STRUCTURES, AND EXTRUSION DIE FOR USE THEREIN 



FIELD OF INVENTION 
This invention pertains generally to the field of absorbent 
structures and, more particularly, to the field of man-made 
capillary channel structures having an intra-structural capability 
10 to absorb and transport fluids. This invention further relates to 
processes for making such capillary channel structures. 

BACKGROUND 

The manufacture and use of man-made fibers for use in woven 
and nonwoven textiles and in absorbent webs in disposable 

15 products, e.g., diapers, catamenials, etc., has been known for 
some time. Good absorbency and wicking properties are generally 
desirable attributes in such products. In absorbent webs, the 
desirability for high absorbency and wicking performance is 
apparent in that it is the primary purpose of such webs to absorb 

20 deposited fluids. It is often equally essential that the webs 
have the capacity to wick the fluids away from the region of 
deposit in order to prevent failure at such deposit region, and in 
order to more fully utilize the absorbent capacity of the web. In 
textile materials, worn as clothing, it is often desirable to wick 

25 perspiration away from the skin in order to facilitate evaporation 
of the perspiration and to prevent a "clanany" sensation of the 
skin. 

Conventionally, absorbent webs have been made from natural 
cellulosic fibers. Absorbency in such webs was achieved by a 

30 combination of fluid penetration into the interior of the 
cellulosic fiber lumen and retention in interfiber capillary 
spaces. Wicking was primarily achieved through the action of such 
interfiber capillary spaces. More recently, many absorber* webs 
for disposable absorbent products, especially diapers, hav^ been 

35 supplemented with polymeric gelling agents which absorb fluids to 
form an insoluble gel. The use of such polymeric gelling agents 
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has facilitated the design of thin, low bulk diapers. However, 
the usage of such polymeric gelling agents has also increased the 
importance of the wicking performance of the fibers since a 
significant portion of the absorbency function of the fibers is 

5 performed by the polymeric gelling agents. However, due to 
limitations of fluid distribution properties of fibrous webs 
conventionally used to acquire and distribute discharged body 
fluids, substantial portions of the fibers, the polymeric gelling 
material, or other absorbent materials, are often not efficiently 

10 utilized. In particular, large areas of the web that are not 
proximate to the region of fluid discharge remain often unused, or 
not efficiently utilized, even when other regions of the web 
proximate to the region of fluid discharge may become 
oversaturated to the point of failure (i.e., leakage). Thus, it 

j5 is highly desirable to provide fibrous materials that provide 
improved wicking performance relative to conventionally used 
fibers and webs, that are additionally economically viable, and 
that can efficiently transport fluid in a low bulk absorbent 
article design. 

20 A significant drawback of conventional fibers is that their 

ability to wick fluids is highly dependent upon the bulk density 
of the web into which they are formed. In addition to the 
established trade-offs relating to interfiber capillary size, 
wicking rate, and volumetric flow rate, another factor which must 

25 be considered when choosing design parameters is tactile softness 
of the web being formed. In general, softness will decrease as 
bulk density and interfiber capillarity are increased. Thus, 
aesthetic and structural design considerations must often be 
compromised to attain desired absorbency and wicking performance 

30 in the design of absorbent products. These same considerations 
and drawbacks are additionally applicable to webs made of 
conventional synthetic fibers, such as nylon, polyester, 
polypropylene, and chemical cellulose-based fibers. 

One technique that has been used to increase wicking 

35 performance of fibrous webs is to hydrophilize the fibers. 
Although such treatments are effective for increasing wicking 
ability, they do not increase fluid distribution properties of the 
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fibers such that significantly larger amounts of fluid can be 
efficiently transported to regions of absorbent articles distant 
from the region of fluid discharge. Hydrophil ization treatments 
additionally do not affect the trade-offs conventionally 

5 experienced regarding poor capillarity for soft, low density webs. 

Another approach that has been investigated is to fonr fibers 
having intrafiber capillary channels. These fibers have the 
ability to wick fluids individually, without necessarily relying 
upon the close proximity of adjacent fibers to form interfiber 

10 capillary pathways. A variety of fibers with grooves or 
intra-fiber channels have been proposed. Though by no means 
intended to represent a comprehensive review of the art, it is 
believed that the following references at least are indicative of 
the publ ished art. 

15 French Patent 955,625, Paul Chevalier, "Improvements in 

Spinning Artificial Fiber", published January 16, 1950, discloses 
fibers of synthetic origin with allegedly improved capillarity. 
The fibers are said to have continuous or discontinuous grooves 
positioned in the longitudinal direction, i.e., parallel to the 

20 fiber axis. The fibers may have a central nucleus from which 
radiate radial leaves. This patent also discloses a process for 
making the fibers involving a first spinneret for forming the 
fibers into the desired shape and a second spinneret in direct 
communication with the first, separated from the first by an 

25 insulating plate, for cooling the fiber. The second spinneret is 
in contact with a cooling element. 

U.S. Patent 3,121,040, Gilbert Shaw, "Unoriented Polyolefin 
Filaments", issued February 11, 1954, discloses a variety of 
plastic filaments, and a process for making them, which assertedly 

*0 exhibit good recovery after deformation and resisting orientation 
(i.e., matting) upon use in such applications as paint brushes. 
These objects are said to be achieved by preparing fibers having 
cross-sections consisting of interconnected webs with web length, 
web thickness, and radius of particular, specified requirements. 

35 U.S. Patent 4,054,709, M. N. Belitsin, et al., "Man-Made 

Fibre, Yarn and Textile Produced Therefrom", issued October 18, 
1977, discloses fibers of polycaproamide and polyethylene 
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terephthalate displaying a cross sectional shape formed of at 
least two elements formed of intersecting rays which define open 
capillary channels and a bridge interconnecting particular rays of 
the elements. The rays intersect at angles of from lOO to 70o to 
5 form the capillary channels. The fibers are said to exhibit an 
appearance and moisture conductivity and absorption approaching 
natural silk. 

U.S. Patent 4,381,325, Yutaka Hasuda, et al., "Liquid 
Retaining Synthetic Fiber, Process for Producing the Same, and 
10 Products", issued April 26, 1983 discloses a liquid-retaining 
synthetic fiber having a substantially pointed free end and a 
tapered portion. The fibers disclosed include embodiments having 
a plurality of channels running along the axial length of the 
fibers. 

15 European Patent Application 883 069 87.4, publication number 

0,301,874, published February 1, 1989, Andrew 6. Wilkes and Alan 
J. Bartholomew, "Cellulosic Fibre", discloses viscose filaments 
having multi-limbed cross-section, e.g., Y-. X-, H-, and T- shapes 
which are said to be useful for absorbent products and woven and 

20 nonwoven fabrics. 

U.S. Patent 4,286,005, Richard M. Berger, "Ink Reservoir 
Element for Use in a Marking Instrument, and Method and Apparatus 
for Producing Same", issued August 25, 1981, discloses an ink 
reservoir element formed from a coherent sheet of flexible 

25 thermoplastic ^ibrous material or foam-attenuated extruded 
polyester fabric, which has been uniformly embossed with a series 
of parallel grooves. The embossed sheet is compacted and bonded 
into a dimensionally stable body whose longitudinal axis extends 
parallel to the embossed grooves. 

3° US- Patent 4,623,3?9, James L. Drobish, et al . , "Drainage 

and Infusion Catheters Having a Capillary Sleeve Forming a 
Reservoir for a Fluid Antimicrobial Agent", issued November 18, 
1985, discloses catheter tubes provided at the inner surfaces with 
longitudinally extending capillary channels or grooves. The 

35 grooves preferably exhibit a favorable surface contact angle for 
the particular fluid to be dispensed. Surface treatments to alter 
the surface contact angle can be applied. 
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Japanese Patent Application 151617-1979, published November 
29, 1979, Teijin KK, "Synthetic Fibers", discloses various 
modified-profile synthetic fibers, especially of polyester or 
polyamide, having a cross-section shape characterized by fine 
5 pores running in the axial direction having diameter of 0.01 
microns to 5 microns and a total cross-sectional area of the pores 
of 0.016 to 50% of the total cross-sectional area of the fibers. 
The fibers can have additives for increasing water absorption 
properties. 

10 In spite of these advances, it remains desirable to provide 

flexible, collapse-resistant, capillary channel structures that 
exhibit further improved intrafiber absorbent capacity and wi eking 
ability. It is an object of this invention to provide such 
structures which additionally can be produced and utilized with 

15 improved economics relative to those previously shown in the arts. 
More specifically, it is an object of this invention to provide 
such structures which exhibit improved absorptive capacity on a 
unit weight basis in combination with high capillary suction 
(i.e., high height of rise of fluid against gravity) which also 

20 resist collapse of the capillary channels during handling and use. 

It is another object of this invention to provide structures 
as described immediately above which are in the form of fibers, 
and which can be used for woven and nonwoven textile materials or 
in the form of webs or bundles, such as in absorbent articles 

25 (e.g., diapers, catamenials, etc.). 

It is yet another object of this invention to provide such 
capillary channel structures in the form of a flexible sheet or 
film. 

It is still another object to provide absorbent articles, 
30 including disposable absorbent articles, incorporating such 
capillary channel fibers as an element thereof. 

It is another object of this invention to provide flexible, 
collapse-resistant capillary channel structures which are 
especially suited for transporting and/or storing aqueous fluids. 
35 It is still another object to provide flexible, 

collapse-resistant capillary channel structures which are 
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especially suited for transporting and/or storing organic fluids, 
e.g., oil. 

It is yet another object to provide a process for making 
improved capillary channel structures which can meet the above 
5 objects. 

It is yet a further object to provide equipment which 
facilitates the manufacture of such improved capillary channel 
structures which can be utilized in conjunction with the 
above-referenced process. 
10 These objects and still other benefits and uses of the 

present invention can be attained in the manner described 
hereafter. 

SUMMARY OF THE TNVrNTTnw 

In general, this invention provides collapse-resistant, 

15 capillary channel structures comprising a polymer composition and 
having at least one intrastructure capillary channel, wherein the 
structures have an axial base and at least two walls extending 
from the base, typically (but not necessarily) along substantially 
the entire length of the base element, whereby the base element 

20 and walls define said capillary channel{s). Although the 
capillary channel structures hereof may have one capillary channel 
or a plurality of capillary channels, for convenience the plural 
form "channels" is used with the intent that It shall refer to a 
singular "channel" in structures that can have either one such 

25 channel or a plurality of channels as structures having more than 
one channel. The structures are further characterized in that the 
cross-section of the capillary channels is open along a 
substantial length of the structure in the axial direction of the 
channels such that fluid can be received from outside of such 

30 channels. In general, the structures will typically have Specific 
Capillary Volume (SCV) of at least about 2.0 cc/g, preferably at 
least about 2.5 cc/g, more preferably, at least about 4.0 cc/g, 
and a Specific Capillary Surface Area (SCSA) of at least about 
2000 crnVg, preferably at least about 3000 craZ/g, more preferably 

35 at least about 4000 cm2/g. These values are believed to be 
significantly higher than the corresponding combination of values 
for conventional fibrous materials and previously disclosed 
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capillary channel structures, and are indicative of the improved 
fluid capacity and the improved capability to transport and store 
fluid on a weight basis that characterize the structures of the 
present invention. 

5 In general, SCV is a measure of the volumetric fluid capacity 

of the absorbent structure on a unit weight basis, and is 
therefore indicative of the economic efficiency of the absorbent 
structure. However, in order for a structure with high SCV to 
also have high capillary suction (i.e., have excellent ability to 

10 wick fluids at a substantial volumetric rate (on a unit weight 
basis of the structure), via intra-structure capillary transport), 
the design of the structure must provide for a relatively high 
degree of capillary channel surface area contact between the 
material of the solid structure and the liquid which is to be 

15 transported. This is because capillary suction (alternately, 
"hydrostatic tension") is in part dependent upon the amount of 
interfacial contact area between the solid structure and fluid. 
The SCSA is a measure of the surface area, per unit weight of the 
structure, of the capillary channels in the structures hereof 

20 available for contact with fluids. The combination of required 
SCV and SCSA as set forth herein is met by providing capillary 
channel structures with efficient capillary channel design and, 
importantly, with relatively thin capillary channel walls and/or 
channel bases. 

25 As described above, the capillary channel structures of the 

present invention are characterized by having relatively thin 
walls and bases compared to the width of the capillary channels. 
However, in order to provide capillary channels of sufficient SCV, 
the walls must be of sufficient height. Thus, the structures of 

30 the present invention are also characterized by having relatively 
"slender" walls. The degree to which the walls and base of the 
capillary channel structures are slender can be characterized 
according to a "Slenderness Ratio," the calculation of which is 
described in the Test Methods sections below. The capillary 

35 channel structures of the present invention preferably have a 
Slenderness Ratio of at least about 9, more preferably at least 
about 15, most preferably at least about 20 and an average 
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capillary channel width of less than about 0.30 mm, more 
preferably less than about 0.20 mm, most preferably less than 
about 0.10 mm. 

However, in order for the fluid transport properties of -the 
5 channel structures to be taken full advantage of, the structures 
should also be resistant to collapse in the dry, and preferably 
also in the wet, state. (As used herein, "wet" in relation to the 
state of the capillary channel structure can include water or 
other fluid, including organic fluids such as oils, depending upon 
10 the fluid intended to be transported and/or absorbed by the 
structure.) 

Wall and/or base thickness as well as capillary channel 
geometry and modulus of elasticity can affect the resistance to 
collapse of the channels. For purposes herein, resistance to 
15 collapse is measured as Compressive Strength (alternately, CS). 

The structures of the present Invention have a Compressive 
Strength of at least about 0.2 PSI (approximately 13,800 
dynes/cm2), preferably at least about 1.0 PSI (about 69,000 
dynes/cra2, more preferably at least about 2.0 PSI (about 138,000 
20 dynes/cro2). That such Compressive Strengths can be obtained with 
the relatively thin, "slender" walls and bases of the present 
invention Is particularly surprising. 

These values for Compressive Strength are achieved when the 
structure is in a dry state (hereinafter "Dry Compressive 
25 Strength") and, preferably, after the structure is Immersed in the 
fluid (e.g., aqueous fluids or oils) which Is to be transported 
and/or stored (hereinafter "Wet Compressive Strength"). 

The procedures to be used for determining Specific Capillary 
Volume, Specific Capillary Surface Area, and Compressive Strength 
30 are described below under the Test Methods heading. 

The structures are especially suited for storage and wicking 
of fluids, and can be adapted to be of particular suitability for 
specific types of fluids, such as aqueous fluids and oils. (As 
used herein, the term "fluid" or "fluids" shall refer to liquids, 
35 as opposed to gases.) 

For structures intended to transport and/or contain aqueous 
solution, the polymer composition of which the structure is 
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comprised preferably is characterized by an Adhesion Tension with 
distilled water of at least about 20 dynes/cm, preferably at least 
about 25 dynes/cm, as measured according to the Adhesion Tension 
procedure described below. Structures intended to transport 

5 and/or contain oil -based fluids and other nonaqueous fluids will 
preferably be characterized by an Adhesion Tension with n-decane 
of at least about 10 dynes/cm. 

The structures of this invention can be in the form of 
fibers, wherein in cross*section the base is a solid or hollow 

10 axial central core typically having a hydraulic diameter of less 
than about 0.1 cm, and filament-like ribbons wherein the base 
element is nominally planar in geometry and typically has a width 
perpendicular to the longitudinal axis of the capillary channels 
of less than about 0.5 cm. As used herein, "nominally planar" 

15 embodiments wherein the structure's base element can be either 
planar (i.e., flat) or curvilinear, the width of the structure is 
referred to as measured in a straightened, non-curvilinear planar 
state. . For convenience, unless otherwise specifically indicated 
to the contrary, the term "planar" in the context of the base 

20 element's geometry shall mean "nominally planar." Also, as used 
hereafter, the term "fiber" shall refer to both structures with an 
axial central core as well as the filament-like ribbons, unless 
otherwise specifically indicated. 

The fibers can be utilized in a wide variety of formats, 

25 including, for example in the form of bundles, woven and nonwoven 
fabrics, yarns, etc. Additionally, the fibers can be provided in 
curled form for use in webs, etc. The fibers, in their various 
forms, are useful for a wide variety of applications, including 
absorbent cores in absorbent products {e.g., diapers, cataraenials, 

30 bandages, etc.), top sheet and fluid distribution sheets in 
absorbent products, textile applications such as clothing, drug 
delivery, geriatric fleeces, etc. 

In another aspect of the present invention, the capillary 
channel structures of the present invention are provided in the 

35 form of capillary channel sheets having a planar ("planar" is as 
defined above) base element. The capillary channel sheets will 
typically have Specific Capillary Volume (SCV) of at least about 
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1.2 cc/g, preferably at least about 2.0 cc/g, more preferably at 
least about 2.5 cc/g, most preferably, at least about 4.0 cc/g, 
and a Specific Capillary Surface Area (SCSA) of at least about 500 
cjn2/g. preferably at least about 2000 crnVs. more preferably at 
least about 3000 cm2/g» most preferably at least about 4000 cin2/g. 
The capillary channel sheets also preferably have a Slenderness 
Ratio of at least about 3, more preferably at least about 9, even 
more preferably at least about 15, most preferably at least about 
20. Other parameters of the sheets are preferably as previously 
generally described in connection with the structure hereof. Such 
capillary channel sheets will typically have a width, measured 
perpendicularly to the longitudinal axis of the capillary 
channels, of more than about .5 cm, typically more than 2 cm. It 
should be understood that these are minimum limits, and that the 
widths of the sheets contemplated are not meant to be limited to 
such relatively low widths. The sheets meant to be included can 
be of any width, including, for example, widths on the order of or 
in excess of the widths of sheets typically made in film blowing 
processes. The numerical minimum and maximum limits for 
distinguishing between capillary channel fibers and sheets are 
provided for conceptual clarity between structures useful 
primarily for filament-type applications and structures which can 
be useful for sheet-type applications, and are not meant to 
necessarily limit the scope of the invention. Capillary channel 
25 sheets can be used as fluid distribution sheets in absorbent 
products (e.g., diapers, catamenials, bandages, fabric conditioner 
delivery articles, cleaning articles such as wiping and scrubbing 
products, bandages and toweling useful for drying fluids from 
surfaces, etc.). 

3Q A significant benefit of the capillary channel structures of 

the present invention is to transport fluid, via intrafiber 
capillary wi citing, to a relatively longer distance from the fluid 
source or reservoir. Previously, webs of fibrous material which 
relied primarily on interfiber capillarity suffered from reduced 

35 fluid volume transport capability when transport of the fluid to 
greater distances was emphasized. Conversely, the distance to 
which the fluid could be transported suffered when the web was 
designed to transport larger volumes of fluid. The advent of 
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capillary channel structures as described in the Background 
reduced this trade-off of performance attributes to a limited 
extent. However, the present invention can provide a combination 
of capillary capacity, transport height, collapse resistance, and 

5 economic efficiency not believed to be previously attained by 
prior- known capillary channel structures. 

The following description, in conjunction with the 
drawings, describes the invention, various embodiments and modes 
thereof, in further detail. However, the scope of the invention 

10 is particularly and distinctly defined by the claims thereafter. 

In an improved process for making capillary channel 
structures, which is provided herein, improved retention of 
capillary channel shape can be obtained between extrusion and 
drawing of the capillary channel structure. Such process 

25 comprises: 

(a) feeding a flowable, molten polymer composition through a 
capillary channel orifice of an extrusion die wherein 
the extrusion die has a capillary channel orifice 
characterized by an annular base orifice from which a 

20 plurality of capillary channel wall orifices radially 

extend such that the polymer composition upon exiting 
said extrusion die comprises a hollow annular base and a 
plurality of capillary channel walls extending radially 
from said base, said base and said walls forming a 

25 plurality of capillary channels, and wherein said 

extrusion die has a gas inlet port located within the 
interior of said annular base orifice; 

(b) simultaneously with feeding said polymer composition 
through said extrusion die's capillary channel orifice, 

30 feeding a gaseous stream through said gas inlet port in 

the same direction as the flow of said molten polymer 
composition; and 

(c) subsequent to exit of the polymer composition from the 
extrusion die, drawing the capillary channel structure 

35 to a desired size and cooling said structure; 
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whereby said gaseous stream inhibits collapse of said annular 
capillary channel structure during cooling and drawing of 
said structure. 

The extrusion dies, as described in the above process, are 

5 also provided as an aspect of this invention. In particular^ such 
die comprises an extrusion die, said die comprising a capillary 
channel orifice layer, said layer having an annular base orifice 
from which a plurality of capillary channel wall orifices radially 
extend, said capillary channel orifice layer further having an 

10 interior region and an exterior region relative to said annular 
base orifice, a gas inlet pore disposed within the interior region 
of said annular base orifice, and means for fixably maintaining 
said interior region in place, relative to said exterior region. 
BRIEF DESCRIPTION OF THF DRAWTNR?; 

15 Figure 1 is a cross-sectional view of a capillary channel 

structure of the present invention. The structure shown is a 
capillary channel ribbon, referred to herein by the collective 
terra "fiber", and has capillary channels on one side of its base. 
Figure 2 is a cross-sectional view of a capillary channel 

20 fiber of the present invention, having capillary channels on 
opposing sides of its base. 

Figure 3 is a cross-sectional view of a capillary channel 
fiber of the present invention having a base from which capillary 
channel walls radically extend to form the capillary channels. 

25 Figure 4 Is a perspective view of a capillary channel sheet 

of the present invention. 

Figure 5 is a perspective view of a capillary channel 
structure of the present invention, depicting wall and base 
thicknesses and capillary channel depth and width. Also depicted 

30 are menisci of fluid as would be contained by the channels of the 
structure. 

Figure 6 is a perspective view of. a capillary channel wall 
having intercapillary fluid exchange orifices. 

Figure 7 is a direct view of an extrusion die having an 
35 orifice design suitable for making capillary channel fibers having 
a planar base and capillary channels on one side of the base. 
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Figure 8 is a direct view of an extrusion die having an 
orifice design suitable for making capillary channel fibers having 
a planar base and capillary channel s» of alternately varying 
width, on both sides of the base. 
5 Figure 9 is a direct view of an extrusion die having an 

orifice design suitable for making capillary channel fibers having 
a planar base and capillary channel fibers having a planar base 
and capillary channels, of consistent width, on both sides of the 
base* 

10 Figure 10 is a direct view of an alternative extrusion die 

having an orifice design suitable for making capillary channel 
fibers having a planar base and capillary channels on one side of 
the base. 

Figure 11 is a direct view, with an expanded view for a 
15 portion thereof, of an extrusion die having an orifice design 
suitable for making capillary channel fibers having rounded 
interior bases and also having capillary channels that are open on 
alternating sides of the fiber. 

Figure 12 is a direct view of an extrusion die having an 
20 orifice design wherein the capillary channel base orifice is 
annular in design and the capillary channel wall orifice is 
extended radially outward therefrom. 

Figure H is a direct view of an extrusion die similar to 
that of Figure 11 except wherein the capillary channel wall 
25 orifices are designed to provide capillary channels of alternately 
varying width. 

Figure 14 is a reverse, perspective view of an extrusion die 
having an annular capillary channel base orifice. 

Figure 15 is a direct view of a portion of an orifice design 
30 of an extrusion die showing diverticula at the end of capillary 
channel wall orifices distal to the capillary channel base 
orifice. 

Figure 16 is a direct view of an extrusion die having a 
capillary channel base orifice design of annular shape wherein the 
35 capillary channel wall orifices extending radially outward 
therefrom are modified to provide bottle-shaped capillary channels 
in the capillary channel structures made from such extrusion die. 
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Figure 17 Is a cross-sectional view of a capillary channel 
structure having bottle-shaped capillary channels of a general 
type that could be made from an extrusion die as depicted in 
Figure 16. 

5 Figure 18 is a photomicrograph (195X) of a capillary channel 

structure cross -section. 

Figure 19 is a photomicrograph (325X) of a capillary channel 

structure cross -section wherein the structure has a planar base 

and has capillary channel walls which are substantially parallel 
10 to one another and which are substantially perpendicular to the 

base. 

Figure 20 is a photomicrograph {325X) of a capillary channel 
structure cross -section wherein the structure has capillary 
channels of different widths. 
15 Figure 21 is a photomicrograph (325X) of a capillary channel 

structure cross-section wherein the capillary channels are bottle- 
shaped. 

Figure 22 is a scanning electron microscope (SEH) 
photomicrograph {200X)of a perspective view of a capillary channel 
20 structure having a planar base. 

Figure 23 is a cross-sectional view of a capillary channel 
structure having tapered capillary channel walls. 

Figure 24 is a cross-sectional view of a capillary channel 
structure which exemplifies various aspects of procedures for 
25 calculating Specific Capillary Volume and Specific Capillary 
Surface Area. 

The Figure 25 is a cross-sectional view of a capillary 
channel structure which exemplifies various aspects of a procedure 
for determining Slenderness Ratio and channel width. 

30 Figure 25 is a cross-sectional view of a capillary channel 

structure exemplifying various aspects of a procedure for 
determining wall parallelism and perpendicularity of the walls to 
the straight chords closing the capillary channels. 

Figure 27 is a cross-sectional view of a capillary channel 

35 structure exemplifying capillary channel walls that are 
perpendicular to the capillary channel base. 
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Figure 28 is a cross-sectional view of a capillary channel 
having an increased capillary channel base perimeter to base width 
ratio. 

DETAILED DESCRIPTION OF THE INVENTION 

5 The structures of the present invention can be made of any 

polymeric material that is insoluble in the fluid which is to be 
contacted with the capillary channel structures. Preferably, the 
material utilized Is a thermoplastic polymer, which can be 
extruded and drawn via an extrusion process to form the final 

10 product. Examples of suitable polymeric materials are polyester, 
polyethylene, polypropylene, polyamide, chemical cellulose-based 
polymers such as viscose and di- or tri -acetate, and polystyrene. 
Co-, ter-, etc. polymers and grafted polymers can also be used. 
One type of thermoplastic polymer that is believed to be of 

15 utility in connection with this invention are polyesters and 
copolymers of dicarboxylic acids or esters thereof and glycols. 
The dicarboxylic acid and ester compounds used in the production 
of polyester copolymers are well known to those of ordinary skill 
in the art. They include terephthalic acid, isophthalic acid, 

20 p,p'-diphenyldicarboxylic acid, p.p'-dicarboxydi phenyl ethane, 
p,p'-dicarboxydiphenyl hexane, p,p'-dicarboxydi phenyl ether, 
p,p'-dicarboxyphenoxy ethane, and the like, and the dialkyl esters 
thereof that contain from 1 to about 5 carbon atoms in the alkyl 
groups thereof. 

25 liphatic glycols useful for the production of polyesters and 

copolyesters are the acrylic and alicyclic aliphatic glycols 
having from 2 to 10 carbon atoms, such as ethylene glycol,, 
trimethylene glycol, tetramethyl ene glycol, pentamethylene glycol, 
and decamethylene glycol. 

30 It is additionally contemplated to utilize copolymers or 

graft copolymers, terpolyraers, chemically modified polymers, and 
the like, which permanently exhibit high surface hydrophilicity 
and do not require the use of wetting agents, which may wash away 
from the structure surface upon contact with fluids. Modified 

35 polymers which can exhibit permanent hydrophilicity include 
chemical cellulose polymers such as cellulose acetates. In 
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addition, one can also include pigments, delusterants or optical 
brighteners by the known procedures and in the known amounts. 

In general, the thermoplastic polymers utilized preferably 
do not have an abrupt melting point (for processing reasons 
5 hereafter discussed), but rather are amorphous and become 
progressively softer with increasing temperature above the glass 
transition temperature. It is additionally desirable that the 
polymer have sufficient cohesive strength such that it can be 
drawn in extrusion processes to the sizes desired. In general 
10 polymers which can be drawn to draw ratios of at least about 
1000:1 without undue breakage, preferably at least about 2000:1, 
to provide final products which, if in fibrous form would have a 
monofilament denier ranging from about 2 to about 500 are 
preferred. 

j5 A preferred type polyester for use in the present invention 

is glycol modified poly(ethylene terephthalate) (PETG) 
copolyester. Suitable PETG is available from Eastman Chemical 
Products, Inc. (Kingsport, Tennessee, USA), under the name KODARTH 
6763, with a glass transition temperature of about 810C. 
20 In addition to extrudability of the polymer, the modulus of 

elasticity can also be of importance. Since the capillary channel 
structures of the present invention comprise relatively thin 
capillary channel walls which can become subject to compressional 
or other external forces, the polymer used to make the structures 
25 should be resistant to compressive strain. The polymer material 
used herein will preferably have a modulus of elasticity of at 
least about 100 MPa, more preferably at least about 750 MPa, most 
preferably at least about 1250 HPa, at temperatures at which the 
capillary channel structures are likely to be used. Such 
30 temperatures will typically range from about IS^C to about AO^C, 
though it is not intended to thereby limit the invention. KODAR™ 
6763, for example, is a material which is quite useful for use in 
the present invention and has a modulus of elasticity of about 
1700 MPa. 

35 Another factor affecting polymer choice is amenability to 

chemical modification of its surface for increasing, for example, 
hydrophilicity. Thus, for capillary channel structures intended 
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for absorbing and/or transporting aqueous based solutions, it may 
be preferable to use a polyester-based polymer rather than, for 
example, a polypropylene, although such preference is not meant to 
thereby limit the scope of the invention. Also, depending upon 

5 the intended use of the structures, it may be desirable that the 
polymer material utilized be flexible at the temperatures at which 
the structures are intended to be used. Due to the relatively 
thin walls and bases of the structures hereof, even relatively 
high modulus polymers can be used to make structures that are both 

10 flexible and soft, yet which retain surprisingly high resistance 
to collapse. Flexibility will depend upon such factors as the 
thickness and dimensions of the capillary channel walls and base, 
as well as the modulus of elasticity. Thus, choice of polymer in 
this regard will be highly subject to the intended use and 

15 temperature conditions. Choice of such suitable polymer material 
is well within the ability of one of ordinary skill in the art. 

Depending upon the intended use, the capillary channel 
structures can be made from polymers that are either hydrophilic 
or oleophilic, or can be treated to be hydrophilic or oleophilic. 

20 The surface hydrophilicity of polymers used to make the 

capillary channel structures of the present invention can be 
increased to make the capillary channel walls more wettable to 
aqueous solutions by treatment with surfactants or other 
hydrophilic compounds (hereafter, collectively referred to as 

25 "hydrophilizing agents") known to those skilled in the art. 
Hydrophilizing agents include wetting agents such as polyethylene 
glycol monolaurates (e.g., PEGOSPERSE™ 200ML, a polyethylene 
glycol 200 monolaurate available from Lonza, Inc., Williamsport, 
PA, USA), and ethoxylated oleyl alcohols (e.g., VOLPOTM-s, 

30 available from Croda, Inc., New York, New York, USA). Other types 
of hydrophilizing agents and techniques can also be used, 
including those well known to those skilled in the fiber and 
textile arts for increasing wicking performance, improving soil 
release properties, etc. These include, for example, surface 

35 grafting of polyacrylic acid. Suitable commercially available 
hydrophilizing agents include ZELCON™ soil release agent, a 
nonionic hydrophile available from DuPont Co., Wilmington, 
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Delaware (USA) and Milease JTH, comfort finish available from ICI 
Americas, Inc., Wilmington, DE, USA. 

Typically, up to about 5%, of such hydrophilizing agents are 
used based upon the weight of the polymer, although its not meant 

5 to limit the scope to such typical upper amount. Hydrophilizing 
agents can be added to the polymer at various stages prior to use, 
though preferably prior to drawing of the structures to final 
size. For example, the hydrophilizing agent can be added in 
advance to the polymer prior to melting or blended into the 

10 polymer subsequent to melting. The additive hydrophilizing agent 
can also be applied to the polymer subsequent to formation, e.g., 
subsequent to exit from an extrusion die in a melt, wet, or dry 
spinning process, preferably prior to drawing to small effective 
diameters. When applying hydrophilizing agent to the formed 

15 structures, techniques such as preparing an aqueous solution of 
the compound and dipping the structure in the solution or, 
alternatively, the spraying solution can be useful for directing 
the hydrophilizing agent to the interior surfaces of the capillary 
channels. The hydrophilizing agent can be applied to the 

20 structure in a low concentration solution. Subsequently, the 
structure is dried or allowed to dry by evaporative techniques. 
One effective method of application, is to immerse the structure 
in a denatured alcohol solution containing, for example, 
approximately 0.3% of the wetting agent for about 30 minutes and 

25 then allowing the structures to air dry on a wire screen. 

When the hydrophilizing agent is incorporated into the molten 
polymer before the polymer has been formed into the capillary 
channel structure, the hydrophilizing agent can "bloom," or 
migrate to the surface of the extruded structure upon cooling. 

30 This melt-addition is desirable since it avoids the necessity of 
drying any fluid carrier that would typically be used when 
applying such a hydrophilizing agent to the formed structure. 
Suitable hydrophilizing .agents for addition to polymer melts 
include the previously mentioned V0LPO"rM 3, polyoxyalkylene fatty 

35 acid esters, and alkoxylated alkyl phenol combined with a mixed 
mono-, di-, and/or tri- glyceride. One process for preparing 
polymeric fibers from melts containing hydrophilizing agents is 
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described in more detail in U.S. Patent 4,378,144, Sawyer et al., 
issued March 25, 1986, which is incorporated by reference herein. 

Thermoplastic polymers often used in the film blowing and 
textile industries, which include polyesters, polyamides, 

5 polypropylenes, etc., are typically oleophilic and do not require 
additional treatment to make them wettable to nonaqueous, organic 
fluids. However, if aqueous fluids are to be transported, it is 
generally desirable to apply a hydrophilizing agent to such 
polymer compositions to facilitate transport of the aqueous 

10 fluids. 

The capillary channel structures of the present invention 
have an axial base and at least two walls extending from the base, 
whereby the base and walls define at least one capillary channel. 
Preferably, the structures will comprise at least five walls and 

15 at least four capillary channels, more preferably at least six 
walls and at least five capillary channels. There is no 
theoretical maximum number of capillary channels that the 
structure hereof can have, such maximum number of capillary 
channels being governed more by need for such structures and 

20 practicability of making them. The capillary channels are 
substantially parallel with one another and an open cross-section 
along at least about 20% of their length, more typically along at 
least about about 50% of their length, and most typically, along 
from at least 90% to 100% of their length. 

25 This invention provides flexible, collapse-resistant, 

capillary channel structures comprising a polymer composition and 
having at least one intrastructure capillary channel, wherein the' 
structures have an axial base and at least two walls extending 
from the base, typically (but not necessarily) along substantially 

30 the entire length of the base element, whereby the base element 
and walls define said capillary channel(s). In general, the w--iis 
should extend from the base for a distance in the axial direv on 
of the base for at least about 0.2 cm, preferably at least about 
1.0 cm. The actual length of the structure is limited only by 

35 practical concerns. Although the capillary channel structures 
hereof may have one capillary channel or a plurality of capillary 
channels, for convenience the plural form "channels" is used with 
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the intent that it shall refer to a singular "channel" in 
structures having only one such channel or a plurality of channels 
in structures having more than one channel. The structures are 
further characterized in that the capillary channels are open 

5 along a substantial length such that fluid can be received from 
outside of the channel as a result of such open construction, in 
general, the structures will typically have Specific Capillary 
Volume (SCV) of at least about 2.0 cc/g, preferably at least about 
2.5 cc/g, more preferably, at least about 4.0 cc/g, and a Specific 

10 Capillary Surface Area (SCSA) of at least about 2000 cm2/g, 
preferably at least about 3000 cm2/g» more preferably at least 
about 4000 cm2/g. The procedures to be used for measuring SCV and 
SCSA are described in the Test Methods section. 

These values are believed to be significantly higher than the 

15 corresponding combination of values for conventional fibrous 
materials and previously disclosed capillary channel structures, 
and are indicative of the improved fluid capacity and the improved 
capacity to transport and store fluid on a structure weight basis 
that characterize the structures of the present invention. 

20 In general, SCV is a measure of the volumetric fluid capacity 

of the absorbent structure on a unit weight basis, and is 
therefore indicative of the economic efficiency of the absorbent 
structure. However, in order for a structure with high SCV to 
also have high capillary suction (i.e., have excellent ability to 

25 wick fluids at a substantial volumetric rate, on a unit weight 
basis of the structure, via intra- structure capillary transport), 
the design of the structure must provide for a relatively high 
degree of capillary channel surface area contact between the 
material of the solid structure and the liquid which is to be 

30 transported. This is because capillary suction (alternately, 
"hydrostatic tension") is in part dependent upon the amount of 
interfacial contact area between the solid structure and fluid. 
The SCSA is a measure of the surface area, per unit weight of the 
structure, of the capillary channels in the structures hereof 

35 available for contact with fluids. The combination of required 
SCV and SCSA as set forth herein is met by providing capillary 
channel structures with efficient capillary channel design and. 
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importantly, with relatively thin capillary channel walls and/or 
channel bases. 

As described above, the capillary channel structures of the 
present invention are characterized by having relatively thin 
walls and bases compared to the width of the capillary channels. 
However, in order to provide capillary channels of sufficient SCV, 
the walls must be of sufficient height. Thus, the structures of 
the present invention are also characterized by having relatively 
"slender" walls. The degree to which the walls and base of the 
capillary channel structures are slender can be characterized 
according to their "Slenderness Ratio," the calculation of which 
is described in the Test Methods sections below. The capillary 
channel structures of the present invention preferably have a 
Slenderness Ratio of at least about 9, more preferably at least 
about 15, most preferably at least about 20 and at least about 
30%, preferably at least about 50%, more preferably at least about 
75%, of the capillary channels have capillary channel width of 
less than about 0.30 mm, more preferably less than about 0.20 mm, 
most preferably less than about 0.10 mm. Capillary channel width 
is measured as described in the Test Methods section, as the 
length of the straight chord closing the capillary channels. 

However, in order for the fluid transport properties of the 
channel structures to be fully realized, the structures should 
also be resistant to collapse in the dry, and preferably also in 
the wet, state. (As used herein, "wet" in relation to the state 
of the capillary channel structure can include water or other 
fluid, including organic fluids such as oils, depending upon the 
fluid intended to be transported and/or absorbed by the 
structure.) Wall and/or base thickness as well as capillary 
channel geometry and modulus of elasticity can affect the 
resistance to collapse of the channels. For purposes herein, 
resistance to collapse is measured in general as Compressive 
Strength (OS). 

The structures of the present invention have a Dry 
Compressive Strength of at least about 0.2 PSI (approximately 
13,800 dynes/cm2), preferably at least about 1.0 PSI (about 59,000 
dynes/cm2, more preferably at least about 2.0 PSI (about 138,000 
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dynes/cm2). The structures preferably also have Wet Compressive 
Strength within these same numerical criteria upon utilizing 
whatever fluid is to be transported and/or stored. Structures to 
be used for transport and/or storage of aqueous solutions 

5 preferably have a Wet Compressive Strength within such numerical 
criteria with distilled water as the wetting fluid. For transport 
and/or storage of organic fluids, such as oils, the Wet 
Compressive Strength with n-decane as the wetting fluid should 
preferably meet such numerical criteria. 

10 The procedures to be used for determining Compressive 

Strength {Wet and Dry) are described below under the Test Methods 
heading. 

The capillary channel structures of this invention are 
integral, physically self- supportive articles, in that they do not 
15 require or utilize secondary means for providing or maintaining 
physical integrity of their shape or structure. For example, they 
need not be attached or adhered to a separate hard surface in 
order to be useful for their intended purpose of fluid transport 
and/or storage. 

20 For structures intended to transport and/or contain aqueous 

fluid, the polymer composition of which the structure is comprised 
preferably is characterized by an Adhesion Tension with distilled 
water of at least about 20 dynes/cm, preferably at least about 25 
dynes/cm, as measured according to the Adhesion Tension procedure 

25 described below. Structures intended to transport and/or contain 
oil -based fluids and other nonaqueous fluids will preferably be 
characterized by an Adhesion Tension with n-decane of at least 
about 10 dynes/cm. 

The structures can be in the form of fibers, wherein the base 

30 is a solid or hollow central axial core typically having a 
hydraulic diameter of less than about 0.1 cm, or fllaraent-1 ike 
ribbons wherein the base element is nominally planar in geometry 
and typically has a width perpendicular to the longitudinal axis 
of the capillary channels of less than about 0.5 cm. As used 

35 herein, "nominally planar" embodiments wherein the structure's 
base element can be either planar (i.e., flat) or curvilinear, the 
width of the structure is referred to as measured in a 
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Straightened, non-curvilinear planar state. For convenience, 
unless otherwise specifically indicated to the contrary, the term 
"planar" in the context of the base element's geometry shall mean 
"nominally planar." Also, as used hereafter, the tern "fiber" 

5 shall refer to both fibers with an axial core and the 
filament-like ribbons, unless otherwise specifically indicated. 

The fibers can be utilized in a wide variety of formats, 
including, for example in the form of bundles, woven and nonwoven 
fabrics, yams, etc. Additionally, the fibers can be provided in 

10 curled form for use in webs, etc. The fibers, in their various 
forms, are useful for a wide variety of applications, including 
absorbent cores in absorbent products (e.g., diapers, catamenials, 
bandages, etc.), top sheet and fluid distribution sheets in 
absorbent products, textile applications such as clothing, drug 

j5 delivery, geriatric fleeces, etc. 

For most applications, the fibers typically have tensile 
strengths of at least about 2 g per fiber, more typically from 
about 50 to about 200 g per fiber. Tensile strength can be 
determined according to ASTM Standard Test Method D 2101-82. 

20 In another aspect of the present Invention, the capillary 

channel structures of the present invention can be provided in the 
form of capillary channel sheets having a planar (as defined 
above) base element. The capillary channel sheets will typically 
have Specific Capillary Volume (SCV) of at least about 1.2 cc/g, 

25 preferably at least about 2.0 cc/g, more preferably at least about 
2.5 cc/g, most preferably, at least about 4.0 cc/g, and a Specific 
Capillary Surface Area (SCSA) of at least about 500 cm2/g» 
preferably at least about 2000 cmVg. more preferably at least 
about 3000 cmVg. nost preferably at least about 4000 cm2/g- The 

30 capillary channel sheets also preferably have a Slenderness Ratio 
of at least about 3, more preferably at least about 9, even more 
preferably at least about 15, roost preferably at least about 20. 
Other parameters of the sheets are preferably as previously 
generally described in connection with the structure hereof. Such 

35 capillary channel sheets will typically have a width, measured 
perpendicularly to the longitudinal axis of the capillary 
channels, of more than about .5 cm, typically more than 2 cm. It 
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should be understood that these are mini muni limits, and that the 
widths of the sheets contemplated are not meant to be limited to 
such relatively low widths. The sheets meant to be included can 
be of any width, including, for example, widths on the order of or 

5 in excess of the widths of sheets typically made in film blowing 
processes. The numerical minimum and maximum limits for distin- 
guishing between capillary channel fibers and sheets are provided 
for conceptual clarity between structures useful primarily for 
filament-type applications and structures which can be useful for 

10 sheet-type applications, and are not meant to necessarily limit 
the scope of the invention. Capillary channel sheets can be used 
as fluid distribution sheets in absorbent products (e.g., diapers, 
catamenials, bandages, fabric conditioner delivery articles, 
cleaning articles such as wiping and scrubbing products, bandages 

15 and toweling useful for drying fluids from surfaces, etc.). 

Parameters material for defining and evaluating performance 
of capillary channel structures encompass the ability of the 
structure to transport and/or contain fluid (on a volumetric 
basis) per unit time, per unit weight of the structure, as well as 

20 the ability to transport fluid a particular distance and linear 
rate of fluid transport. 

One specific measure of the ability of a structure to both 
transport a certain volume of fluid and to transport it via 
capillary action to a certain distance is capillary sorption. 

25 Capillary sorption is an equilibrium measure of fluid capacity (on 
a structure-weight basis) as a function of capillary suction 
measured as vertical height of rise. Capillary sorption is 
indicative of the ability of a capillary structure to contain 
fluid against gravity or other absorbent materials, and can also 

30 be indicative of the efficiency at which a capillary channel 
structure transports fluid on a structure-weight basis. In 
embodiments of the Invention especially suited for application to 
aqueous fluids, the capillary structures will preferably exhibit a 
Capillary sorption (according to the test hereinafter described) 

35 of at least about 1.5 cc/g at 5.0 cm capillary suction (i.e., 
hydrostatic tension), utilizing distilled water as the fluid, more 
preferably at least about 4.0 cc/g at 10.0 cm. 
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In embodiments of the invention particularly suited for 
transport and/or storage of nonaqueous fluids (e.g., oils, 
alcohols, etcO» the capillary channel structures will preferably 
be oleophilic and, more preferably have a Capillary Sorption of at 

5 least about 1.5 cc/g at 3.0 cm, more preferably at least about 3.0 
cc/g at 5.0 cm, for the fluid which is to be handled. In general, 
the preferred capillary channel structures can attain the above 
levels with n-decane as the test fluid. The procedures to be used 
for determining Capillary Sorption for both aqueous and nonaqueous 

10 fluids are described in the Test Methods section below. 

Additional significant parameters for defining and evaluating 
capillary channel structures include rate-dependent parameters 
such as the rate at which fluid is vertically wicked via capillary 
action (measured as height of fluid rise per unit time). 

25 In embodiments of the present invention intended to transport 

aqueous fluids, the capillary channel structures preferably 
exhibit Vertical Kicking Rates of at least about 3.0 cm in the 
initial ten minutes of the wicking period, more preferably at 
least about 3.0 cm in the initial five minutes. Wherein, Dyed 

20 Distilled Water (with 0.05% of FD&C Blue #1) is utilized as the 
transported fluid. The procedure for determining Vertical Wicking 
Rate for hydrophilic structures is described in the Test Methods 
section below. 

As discussed above, the cross-section of the capillary 
25 channels are open along a substantial axial length, to receive 
fluid, and can be open along the entire length of the channels. 
Portions of the channel may be closed (i.e., "tube-like"), 
particularly in areas contemplated primarily for transport of 
fluid which has been previously absorbed by the structure. The 
30 capillary channels can be closed, for example, by covering the 
open capillary channels with a thermoplastic film and by bonding 
the film in position. Such closure of the channels is especially 
contemplated for application to the capillary channel sheets 
hereof. 

35 Typically, the capillary channels are open along a 

substantial length to form at least one fluid reception region 
which can receive fluid. What is meant by "open" is that in such 
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fluid reception regions, the capillary channel walls extend from 
the base, but ends of the walls distal to the base do not close 
the channel either directly (e.g., by adjoining to one another) or 
indirectly (e.g., by adjoining another structural element, or 

5 elements connecting the walls). 

The size and shape of the capillary channels, and the 
dimensions of the walls and base element can vary to the extent 
that is consistent with the previously described Specific 
Capillary Volume, Specific Capillary Surface Area, and Compressive 

10 Strength parameters. 

The capillary channel structures of the present invention 
will typically have wall thicknesses of less than about 50 
microns, preferably less than about 10 microns, more preferably 
less than about 5 microns. The capillary channel base 

j5 thicknesses, for structures with planar bases, will preferably be 
less than about 50 microns, and often of thickness 0.75 times to 
about 3.0 times the wall thickness. An overall measurement 
indicative of base and wall thicknesses is the Average Structure 
Thickness (tave)- A procedure for determining tjve is described 

20 below in the Test Methods section. Preferably, tave is less than 
about 50 microns, more preferably less than about 10 microns, most 
preferably less than about 5 microns. For sheets and 
filament-like ribbons, it is believed that increased Compressive 
Strength may be obtained by providing capillary channel bases 

25 which are thicker (e.g., 1.5-3X thicker than the Average Structure 
Thickness (tave) without undue decreases in Specific Capillary 
Surface Area and Specific Capillary Volume. 

The width of the capillary channels will generally be less 
than about 0.5 mm, preferably less than about 0.3 mm, more 

30 preferably less than about 0.1 mm. the precise capillary channel 
widths which are optimal will vary depending upon the particular 
structure design and application. Channel widths from about 5 
microns to about 0.5 mm will typically be used, more typically 
about 30 microns to about 100 microns, although it is not meant 

35 necessarily to exclude larger or, particularly, smaller widths 
from the scope of the invention. In general, for capillary 
channel width can be measured by photographing a magnified view of 
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a cross-section of the structure, determining the width, and 
compensating for the degree of magnification. The procedure to be 
used for determining width is described in more detail below in 
the Test Methods Section. 

5 The capillary channels of the structures of the present 

invention are generally parallel to one another in the axial 
direction of the channels. The capillary channel structures may 
contain intercapillary channel fluid exchange orifices between 
adjacent capillary channels of a capillary channel structure. 

10 Preferably, such fluid exchange orifices will not extend along the 
entire height of the capillary channel wall and, additionally, 
will not reach the base of the capillary channel. More 
preferably, the capillary channel wall will extend from the 
capillary channel base for a distance at least as great as the 

25 width of the capillary channel before interruption by the fluid 
exchange orifice. The walls of the capillary channels preferably 
contain no intersections with nonparallel capillary channels, 
although if the structures do contain such intersections of 
capillary channels, the aforementioned Capillary Sorption and 

20 Vertical Wicking Rate parameters will still, preferably, be 
maintained. If intersections with nonparallel walls are present, 
the capillary channel wall should preferably extend from the 
capillary channel base at least about a distance equivalent to the 
width of the channel at the base before interruption of the fluid 

25 exchange orifice which facilitates fluid transfer between 
channels. Additionally, the channels through which the fluid is 
to be transported are not substantially interrupted In the. 
direction of Intended flow by the presence of baffles or other 
flow- interrupting means. Figure 6 displays a capillary channel 

30 wall 4 with two types of capillary channel fluid exchange 
orifices. Specifically shown are capillary channel wall notches 
28' and capillary channel wall pores 28". 

Figures 1. 2, and 3 are cross sectional drawings of exemplary 
capillary channel structures 2, each having a base 6, capillary 

35 channel walls 4 extending from the base 6, and open capillary 
channels 8 formed by the base 6 and two adjacent capillary channel 
walls 4. The capillary channel structure cross section of Figure 
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1 is representative of a "ribbon" -type fiber having a planar base, 
and capillary channel walls extending from one side of the base. 
In Figure 2, the capillary channel structure represented by the 
cross section is similar to that of Figure 1, except that 

5 capillary channel walls 4 extend from both sides of the base 6. 
In Figure 3, the cross section of the capillary channel structure 

2 is of a fiber wherein the base 6 is, in essence, a central core 
at the intersection of the capillary channel walls 4 which 
radially extend outwardly from the core. 

10 Figure 4 is a perspective drawing of a capillary channel 

sheet 3 having a planar base 6, capillary channel walls 4 
extending from one side of the base 6, which form (in conjunction 
with base 6) capillary channels 8. The sheet 3 can be flexible 
and may therefore be easily contoured, especially the direction 

15 transverse to the longitudinal axis of the capillary channels. 
Flexibility in such direction can be of similar degree to that of 
a conventional film of thickness and material equivalent to the 
capillary channel base 6. 

Figure 5 is a perspective drawing of a preferred capillary 

20 channel structure 2 having capillary channel base 6, capillary 
channel walls 4, and capillary channels 8. Also shown is 
capillary channel wall height A1-A2, capillary channel width 
F1-F2, base thickness O1-D2, and wall thickness C1-C2. Also 
exemplified are fluid menisci ID, although such menisci 10 

25 represent a fluid/air boundary and are not an element of the 
structure 2. Menisci 10 exemplify the containment of fluid (not 
shown) in the capillary channels. A1-A2, C1-C2, D1-D2, and F1-F2 
are preferably of sizes previously discussed. 

Also, preferably, the capillary channel structure of the 

30 present invention will have a capillary wall height to capillary 
channel width (capillary channel width, CCW, measured as described 
in the Test Methods section) exemplified as the ratio of 
A1-A2/F1-F2 in Figure 5, of from about 0.5:1 to about 10:1, 
preferably from about 1:1 to about 5:1. 

35 The capillary channels can be of regular (e.g., U-shaped, 

V-shaped, U-shaped or can be irregular cross-sectional shape. 
Preferably, the capillary channels will be of regular 
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cross-sectional shape, with capillary channel walls that are 
substantially parallel to one another in cross-section. Also 
preferably, the capillary channel walls are substantially 
perpendicular to the straight chords closing the capillary 
channels to which the wall serves as a boundary. 

In addition to or in the alternative of perpendicularity of 
the walls to the chords closing the channels, the capillary 
channel walls are preferably substantially perpendicular to the 
base. Substantially parallel, as used herein in reference to 
cross-sectional parallelism of the walls, means that the alignment 
differential of adjacent capillary walls is by no more than about 
400, preferably by no more than about 30^, more preferably no more 
than about 20°. In the typical case, wherein the capillary 
channel walls are linear, determination of the degree of 
parallelism will be straightforward, A photomicrograph of the 
cross-section can be used to determine the angle of the walls 
relative to one another by conventional geometrical analytical 
methods. Relative capillary channel wall parallelism for 
nonlinear cross-section capillary channel walls can be determined 
as described below in the Test Hethods section. Substantially 
perpendicular, as used herein, means an angle of the wall relative 
to the chord and/or base of within 90® + about 300, preferably 90^ 
+ about 15®. Again, in the case wherein the capillary channel 
walls are linear, determination of substantial perpendicularity to 
the closing chords and the base will be a straightforward 
determination based on a photomicrograph of a cross-section of the 
structure. The straight chords closing the channels are drawn as 
described in the Parallelism/Perpendicularity Procedures. For 
structures having nonlinear capillary channel walls, procedures 
are provided in the Parallelism/Perpendicularity Procedures, 
below, for the determination. Although not intended to necessarily 
limit the invention, substantially parallel walls are believed to 
provide enhanced Capillary Sorption as a result of increased 
capillary fluid capacity and capillary suction per unit weight of 
the structure. Providing walls that are substantially parallel 
and substantially perpendicular to the straight closing chords 
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and/or to the base is believed to provide Improved Compressive 
Strength. 

In general, the higher the percentages are of capillary 
channels that are formed by substantially parallel walls and by 

5 walls that are substantially perpendicular to the base and/or to 
the closure chords, the more preferred is the capillary channel 
structure. Thus, preferably at least about 30%, more preferably 
at least about 50%, even more preferably at least about 75%, and 
most preferably at least about 90% of the Specific Capillary 

10 Volume of a structure is within capillary channels that are formed 
by substantially parallel walls, more preferably by walls that 
have an alignment differential of no more than about 30O, most 
preferably no more than about 20O. Also, preferably at least 
about 30% of the Specific Capillary Volume, more preferably at 

15 least about 50%, even more preferably at least about 90%, Is 
within capillary channels formed by capillary channel walls that 
are substantially perpendicular to the closure chords closing 
their corresponding capillary channels and/or to the base, and 
more preferably the walls are at an angle relative to the closure 

20 chords and/or the base within 90O + about 15°. 

Figure 17 shows a drawing of a cross section of a capillary 
channel structure 2 having regularly- shaped open capillary 
channels 8 formed by capillary channel base 6 and capillary 
channel walls 4. The walls 4 Include distal wall extensions 38, 

25 38' at the ends of the walls 4 distal to the base 6. Each distal 
wall extension 38 or 38' extends outwardly at an angle 6, 
preferably from about 10© to about 80©, more preferably from about 
250 to about 400, relative to the axis of proximal end of the 
walls 39 so as to form, in conjunction with the adjacent wall 

30 having an opposing distal wall extension 38' or 38, a tapered neck 
40 leading to the mouth, or fluid reception region 42, of the 
capillary channel 8. The tapered capillary channel shape 
exemplified in Figure 17 can be referred to generally as a 
bottle-shape. For purposes herein, with regard to tapered 

35 capillary channel shapes formed by walls which intersect with 
substantially parallel walls 4 with tapering necks 40, 
perpendicularity of the capillary channel walls to linear chord 
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dosing the channel shall be calculated on the basis of the 
linear, proximal ends 39 of the walls 4, In general, the portion 
of the capillary channel walls forming the tapered region of the 
capillary channel which narrows toward the capillary channel mouth 

5 are preferably at an angle relative to one another such that if 
they were extended until the point of intersection, the 
intersection angle 8' would be from about 20° to about 160O, 
preferably from about 50© to about 80^. Higher angles for 9' is 
less desired since such 6's are believed to result in reduced 

JO ability for fluid to enter into the channel. 

As discussed previously, the capillary channels can be of 
various shapes- Certain shapes can offer particular advantages in 
particular product applications. U -shaped capillary channels 
typically provide maximum Specific Capillary Volume and Specific 

25 Capillary Surface Area for a given amount of polymer. U-shaped 
capillary channels may be particularly desirable in application 
wherein the structures are to be used in contact with or in close 
proximity with skin, and wherein skin-dryness is a high priority. 
It is believed, though it is not intended to limit the invention 

20 thereby, that U-shaped capillaries more completely drain after 
fluid has been transported and therefore minimize any likelihood 
of backflow. This is a result of the absence of cross-sectional 
geometric features which would allow establishment of menisci with 
radii of curvature smaller than that of the cross-section of the 

25 U-shaped channel. V-shaped capillary channels^ on the other hand, 
inherently accommodate menisci of a variety of radii (up to a 
maximum radius determined by the length of the capillary channel' 
walls) and therefore, can provide variable, automatically 
adjustable capillary suction. A meniscus present at the wider 

30 portions of the channel, for example, would have a larger radius 
and less capillary suction than a meniscus present at a more 
narrow portion of the channel. The position of the meniscus will 
be determined, in part, by the volume of fluid present in the 
channel and in the fluid reservoir feeding the channel. As the 

35 amount of fluid decreases or increases, the menisci of V-shaped 
capillary channels automatically adjust to a level optimizing 
capillarity. Thus, V-shaped capillary channels may be desirable 
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in applications, for example, wherein a wide range of operational 
fluid level conditions may be encountered, such that this 
self-adjusting aspect of the channels is utilized. 

Bottle-shaped capillary channel cross- sect ions, such - as 

5 described above in connection with Figure 17, or other 
cross-sectional shapes having capillary channel mouth widths which 
are smaller than the maximum width of the channel are believed to 
provide increased capillary suction, due to having menisci with 
smaller radii of curvature radii relative to the radii 

10 corresponding to the mensici that would otherwise exist at larger 
width, in combination with a low flow resistance corresponding to 
a capillary channel of constant width equal to such larger width. 
Thus, wi eking rate is believed to be enhanced. 

It is also contemplated to vary the capillary channel widths 

15 of capillary channels within a single capillary channel structure. 
As discussed above, capillary suction, or hydrostatic tension, 
varies inversely with channel width. Therefore, by combining 
capillary channels of two or more significantly differing widths, 
fluid handling properties of divergent character can be 

20 accomplished by a single structure. For example, certain of the 
channels could be of relatively small size to facilitate capillary 
transport to a particular distant location from the region of 
initial absorption, whereas other channels could be of relatively 
large size to facilitate rapid acquisition of the fluid. Another 

25 benefit of structures with a variety of capillary channel widths 
is enhanced fluid transfer between channels of abutting 
structures. Such capillary channel structures could also have 
capillary channel wall orifices, to increase transfer of fluid 
from the large to the small capillary channels of a single 

30 capillary channel structure. Figure 20 shows a photomicrograph of 
a cross section of a capillary channel structure embodying this 
concept. The structure shown has capillary channels of two 
distinct widths, one width corresponding approximately to a 
capillary wall height to capillary channel width ratio of about 

35 2:1; and the other, corresponding to an about 0.8:1 ratio. For 
U -shaped channels, wall height is determined as shown in Figure 5. 
For U-shaped, V-shaped, tapered channels, channels with tapered 
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walls, and irregularly shaped channels* wall height of the channel 
can be calculated as one-half the inside perimeter of the channel 
walls and base. 

In another variation of the present invention, the capillary 
5 channel wall 4 is tapered, as in Figure 23» such that it is wider 
at the base end 5 than at the distal end 5' of the wall 4. This 
type of design may be desirable for increasing Compressive 
Strength of the structures of the present invention. Preferably, 
such tapered walls have a maximum width which is no more than 
10 about three times the average width, wherein the average width is 
calculated as wall cross-sectional area divided by wall height 
(Wh). 

A further improvement in capillary channel structure 
performance can be obtained by capillary channels having increased 

15 interior surface roughness • Increased surface roughness is 
believed to improve capillary performance by decreasing the 
contact angle at the leading edge of the interface between fluid 
and solid (i.e., the base). In general, increasing wall roughness 
to increase the rati: of the actual inside perimeter of the 

20 capillary channel to the corresponding smooth perimeter is 
believed to improve performance. Referring to Figure 28, shown is 
a cross-section of a preferred capillary channel structure having 
a planar base. The capillary channel 8 has capillary channel 
walls 4 and capillary channel base 6. Base 6 is characterized by 

25 ribs 7 extending from the base, which increase surface roughness 
and thereby reduce leading edge contact angle. Preferably, base 
surface roughness is sufficiently increased such that the 
capillary channel base surface perimeter: base width ratio is 
increased to levels greater than 1.0, more preferably greater than 

30 about 1.5, most preferably greater than about 2.0, The height of 
ribs 7 or other surface roughness means preferably will not extend 
above about 20% of the width of the channel as measured at the 
base. 

In the calculation of SCV, SCSA, or other parameters, any 
35 capillary channels that result that are contained within the 
cross-section area of a larger capillary channel having an Ay as 
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defined in the Test Methods for SCV and SCSA is not counted as a 
separate capillary channel. 

The capillary channel fibers of the present invention can be 
utilized in their unmodified form, i.e., the form in which they 

5 are made, or can be provided in a textured forms known to those 
skilled in the field of synthetic textile fibers. 

The fibers of the present invention can also be utilized in 
absorbent articles in the form of tow. Tow, as understood in the 
art, is a rope-like strand of a plurality of fibers in linear 

10 form, i.e., without a definite twist or curl such as in the 
randomly curled filaments described above. The fibers of tow are 
held together by tow-binding means which typically is by crimp, 
although other binding means such as, but not limited to, 
spot-bonding, fusion of the ends of the fibers to one another, 

15 external wrappings, etc., can be used. 

The fibers of the present invention can also be provided in 
the form of yarns, textiles including woven and knit fabrics, 
nonwovens, etc. The fibers of the present invention can be 
utilized in such yarns, textiles, and nonwovens according to 

20 conventional techniques known to those skilled in the art for 
conventional, non-capillary channel fibers or prior known fibers 
with intra-fiber channels, such as disclosed in U.S. Patent 
4,054,709, Belitsin et al., issued October 18, 1977, incorporated 
herein by reference. 

25 General fiber making technology as described in Encyclopedia 

of Polymer Science and Engineering, Volume 6, pages 802-839, 
(1986), John Wiley and Sons (New York), incorporated by reference 
herein, can be employed in the manufacture of the capillary 
channel fibers of the present invention. In general extrusion 

30 processes, such as melt spinning, wet spinning, and dry spinning, 
are preferred. Helt-spinning is especially preferred for making 
the structures of the present invention. In general, melt 
spinning involves melting the polymer, applying pressure to 
extrude the melt through the extrusion die, and cooling and 

35 drawing the extruded structure to the desired size. Melt spinning 
and other spinning methods each involve the use of an extrusion 
die (sometimes referred to as a spinneret) which has an orifice 
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design which roughly corresponds to the cross-sectional shape of 
the capillary channel structure immediately upon exit from the 
die. Depending upon orifice design, processing conditions, and 
polymer composition, and other factors known to those skilled in 

5 the art, the final cross-sectional shape of the structures can 
deviate from the orifice design. The extrusion die orifice 
design, the polymer, and temperature at which it is molten for 
extrusion, and processing conditions of the extruded polymer 
during drawing and cooling can be of importance in making the 

10 capillary channel structures of the present invention. In order 
for the extruded, but not yet cooled, structure to better retain 
its shape and capillary wall and base element dimensions relative 
to the capillary channel size approximate to that of the extrusion 
die orifice, the polymer is preferably extruded at low temperature 

15 relative to the temperatures conventionally preferred for 
extrusion of the particular type of polymer In conventional fiber 
extrusion processes. The extruded polymer Is then cooled 
relatively rapidly during the drawing process for shape retention. 
It is therefore preferable that the polymer be of an amorphous 

20 character. Amorphous polymers are preferred for extrusion In the 
present invention, since they tend to better resist breakage upon 
drawing over a relatively large temperature range, particularly as 
temperature approaches the glass transition temperature. Whereas 
such polymers are commonly extruded at relatively high 

25 temperatures, to reduce viscosity of the melt and consequently 
facilitate higher extrusion die polymer throughput, improved shape 
retention of the capillary channel structures (relative to the 
extrusion die orifice design) can be obtained by operating at 
temperatures closer to the glass transition point. The optimal 

30 temperatures for extrusion will vary from polymer to polymer. 
Particularly good results can be obtained with KODAR™ 6763 PETG, 
for example, at extrusion temperatures of about ZOSK to about 
230OC. 

As discussed above, in preferred processes, the polymer will 
35 also be rapidly cooled upon exit from the extrusion die and during 
drawing. Cooling can be accomplished by radiation and convection 
in air in successive cooling zones, typically about 2 to about 4 
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successive cooling zones. Equipment suitable for performing such 
cooling, e.g., cooling chimneys, is well known in the of extrusion 
and fiber- forming arts. Preferably, the first cooling zone will 
be set to have an ambient temperature at least about 300C, more 
5 preferably at least about 50OC, most preferably at least about 
750c, below the polymer as it exits the extrusion die and enters 
the cooling zone in order to rapidly raise the viscosity of the 
polymer and thereby reduce surface tension-induced reshaping of 
the structure. 

10 The same type of equipment used in the melt spinning of 

conventional synthetic fibers can be used in the present 
invention, except that an extrusion die having an orifice design, 
providing for the capillary channels, as previously described, is 
used. This equipment typically includes an extruder, a die block 

15 into which molten polymer from the extruder enters, and 
subsequently exits through an extrusion die, and means for 
drawing, cooling, and winding the capillary channel structure. If 
the extrusion die has an annular capillary channel base orifice 
and a central gaseous inlet orifice, as described In more detail 

20 below in connection with an Improved process for making capillary 
channel structures, the die block is modified to allow a stream of 
gas to be directed through the gaseous inlet orifice of the 
extrusion die. This can be done by introducing air passageways 
e.g., tubing or piping, into the die block which allow an isolated 

25 stream of gas (e.g., air) to be fed to the gaseous inlet orifice 
of the extrusion die. Such designs for melt spinning are not 
known to have been heretofore disclosed. Die block design 
providing for introduction of an air stream through a center hole 
of a die having an annular orifice design for extrusion of 

30 conventional, non-capillary channel films and sheets is known in 
the art of blown film processes, albeit not in connection with 
capillary channel structures or dies useful for making capillary 
channel structures. Background on directing an air stream through 
a die block can be found in Encyclopedia of Polymer Science and 

35 Engineering, Second Edition, Volume 7, pp 107-109, John Wiley & 
Sons, New York, and Volume 6, pp 767-769, of the same 
encyclopedia, both incorporated herein by reference. Such general 



wo 91/12949 



PCr/US91/00923 



- 37 • 

disclosure, although neither teaching nor suggesting the process 
or products of the present invention, can be applied to the 
extrusion die blocks of the present invention by one of ordinary 
skill in the art, in view of the disclosures herein. 

5 Upon exit of capillary channel structures from an annular 

base orifice extrusion die design, sufficient air is introduced 
through the gas inlet orifice to prevent the base element from 
collapsing. The structures can be drawn while in such 
configuration and used in that form, or can be slit subsequent to 

IQ drawing to provide a structure with a planar base. 

Depending upon the size of the drawn structure » after it is 
slit, it may be characterized as either a fiber or a sheet, 
according to the definition provided above. If a sheet, it can be 
used as is, or can be further slit or cut to provide fibers, or 

j5 sheets of particular shapes and designs, or split films (i.e., 
highly slit meshes). 

Capillary channel sheets of sizes conventionally associated 
with the melt-extruded blown film and sheeting process, and other 
blown film techniques, may be adopted to the present invention by 

20 replacing the conventional film extrusion die, having a simple 
annular orifice design with, preferably, an extrusion die of the 
present invention having an annular base orifice with capillary 
channel wall orifices extending radially therefrom. 

In extrusion processes, the extruded polymer has essentially 

25 the same cross-sectional shape as the die orifice immediately upon 
exit from the die. Due at least partially to surface tension 
effects, however, it has been observed that the still molten 
polymer capillary walls tend to shrink in length {i.e., shrink in 
wall height) and expand in thickness, thereby effectively reducing 

30 the specific volume and surface area of the capillary channel 
structure. 

The orifice design of the extrusion die will control the 
shape of the capillary channel structure upon exit from the die. 
Thus, the extrusion die orifice should be designed in accordance 
35 with the desired capillary channel configuration. Specifically, 
the reduction of the ratio of capillary wall length to capillary 
channel width which tends to occur during drawing of the 
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Structures can be compensated for by designing extrusion die 
orifices with correspondingly exaggerated capillary wall length to 
intercapillary wall distance ratio. 

It has been found that this phenomena can be compensated - for 

5 by designing the extrusion die orifice such that the wall orifice 
length: inter-wall orifice width ratio is from about 2 to about 5 
tiroes the desired capillary channel wall height: capillary channel 
width ratio. The exact magnitude of shrinkage, however, will 
depend upon specific conditions. 

10 The degree to which the capillary channel structures are 

drawn will depend upon the wall and base thicknesses of the 
extruded polymer immediately upon exit from the extrusion die 
orifice and the desired base and wall thicknesses of the final 
product. In general, however, the extrusion -draw ratios hereof 

15 will typically be at least about 100:1, more typically from about 
1,000 to about 10,000 and preferably from about 1,000 to about 
5,000. The use of polymers that have good cohesive strength in 
the molten state is desirable in view of these relatively high 
draw ratios. Thus, in general, polyester-based and nylon polymers 

20 will often be preferred over less cohesive materials such as 
polyolefins. 

Figures 7, 8, 9, and 10 show direct views of extrusion dies 
20 having extrusion die orifices 22 which can be utilized in the 
manufacture of capillary channel structures of the present 

25 invention. The extrusion die orifices 22 have capillary channel 
base orifices 30 which upon extrusion will provide a capillary 
channel base of a planar geometry, capillary wall orifices 28 
extending from the base orifices 30. As discussed above, it is 
the nature of the present invention that capillary structures have 

30 high specific capillary surface area and volume which translate, 
of course, to thin capillary channel walls and bases. Whereas the 
extrusion die orifices of Figures 7, 8,and 9 can provide effective 
capillary channel structures within the scope of this invention, 
the capillary channel walls of the structures formed from such 

35 extrusion die orifices tend to deflect in alignment, or distort, 
upon drawing to the relatively high draw ratios and fine deniers 
preferred herein. Although not intended to limit the invention by 
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theory, by way of explanation, It is believed that this distortion 
is due to tangential stresses in the cross-section that occur 
during drawing of the structure. Such deflection of channel walls 
results typically in a fishbone-type configuration as exemplified 

5 by the photomicrograph of Figure 18. With the foreknowledge that 
such fishboning will typically occur for capillary channel 
structures made from extrusion dies of the type shown in Figures 
7, 8, and 9, the extrusion die orifice can be modified, as in 
Figure 10, to take into account that the drawn capillary channel 

10 structure will not typically have capillary channel walls which 
are perpendicular to the base. By providing a extrusion die 
orifice design where the capillary channel wall orifices are 
similarly situated at angles corresponding to those toward which 
the capillary channel walls would tend to deflect upon drawing if 

15 the wall orifices were perpendicular to the base, it is believed 
that capillary channel wall parallelism can be better attained. 
The capillary channel walls orifices 28 in Figure 10 extend from 
one side of the capillary channel base orifice 30. Alternately, 
capillary channel wall orifices can extend from both sides of the 

20 base orifice. 

It is further noted, in Figure 8, that capillary channel wall 
orifices are designed to provide capillary channel widths upon 
extrusion of varying size. Figures 8 and 9 show capillary channel 
orifice designs having linear bases 30 from which extend capillary 

25 channel wall orifices from each side of the base orifice 30. 

Figure II shows an extrusion die 20 having capillary channel 
orifice 22 having a plurality of capillary channel base orifices 
30 connected by capillary channel wall orifices 28 such that a 
capillary channel structure extruded from such extrusion die 20 

30 has capillary channels which are alternately open on opposite 
sides of the structure. As shown in Figure 11, the capillary 
channel wall and base orifices 28, 30 are designed to provide a 
U-shaped capillary channel design. It should be understood that 
such U-shaped capillary channel designs are not limited to the 

35 extrusion die orifice design of Figure 11. 

Figure 15 shows a drawing of a portion of an extrusion die 
orifice having base orifice 30, capillary channel wall orifice 28, 
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and diverticulum 24 at the distal ends of capillary channel wall 
orifices 28. Diverticulum are larger in diameter than the width 
than the wall orifices^ typically about 50% greater In diameter 
than said wall orifice width. Diverticulum are preferably 

5 incorporated into the extrusion die design. Although not intended 
to limit the invention thereby, it is believed that the 
incorporation of such diverticulum in the extrusion die orifice 
design can provide more uniform polymer flow through the die. 

The width of the maximum cross-sectional diameter of the 

10 extrusion die orifice design can vary widely. However, it has 
been found that widths of about 1.0 cm to about 5.0 cm are useful. 
The widths of the capillary channel wall orifices and base orifice 
can also vary widely. Wall and base orifice widths of about 50 
microns to about 200 microns will typically be used, with 

15 preferred wall orifice from widths of from about 75 microns to 
about 150 microns. The depth of the extrusion die orifice in the 
direction parallel to axial flow of the polymer can also vary, 
however depths of from about 0.2 cm to about 0.4 cm can typically 
be used. 

20 In an improved process for making capillary channel 

structures, which is provided herein, improved retention of 
capillary channel shape can be obtained between extrusion and 
completion of drawing of the capillary channel structure. Such 
process comprises: 

25 (a) feeding a flowable, molten polymer composition through a 

capillary channel orifice of an extrusion die wherein 
the extrusion die has a capillary channel orifice 
characterized by an annular base orifice from which a 
plurality of capillary channel wall orifices radially 

30 extend such that the polymer composition upon exiting 

said extrusion die comprises a hollow annular base and a 
plurality of capillary channel walls extending radially 
from said base, said base and said walls forming a 
plurality of capillary channels, and wherein said 

35 extrusion die has a gas inlet port located within the 

interior of said annular base orifice; 
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(b) simultaneously with feeding said polymer composition 
through said extrusion die's capillary channel orifice, 
feeding. a gaseous stream through said gas inlet port in 
the same direction as the flow of said molten polymer 

5 composition; and 

(c) subsequent to exit of the polymer composition from the 
extrusion die, drawing the capillary channel structure 
to a desired size and cooling said structure; 

whereby said gaseous stream inhibits collapse of said annular 
JO capillary channel structure during cooling and drawing of 

said structure. 

The extrusion dies, as described in the above process, are 
also provided as an aspect of this invention. In particular, such 
die comprises an extrusion die, said die comprising a capillary 

J 5 channel orifice layer, said layer having an annular base orifice 
from which a plurality of capillary channel wall orifices radially 
extend, said capillary channel orifice layer further having an 
interior region and an exterior region relative to said annular 
base orifice, a gas .inlet port disposed within the interior region 

20 of said annular base orifice, and means for fixably maintaining 
said interior region in place, relative to said exterior region. 

By annular base orifice, what is meant Is a base orifice 
which is of a continuous ring-type design, without flow 
interruption around its circumference, having a nominally circular 

25 geometry. The base orifice need not be exactly circular. However 
the ring designs preferably are essentially symnetrical about the 
X and Y axis. 

The flow of gas through the gas inlet port should be metered 
at a ratio such that the annular base, upon exit from the 

30 extrusion die and during drawing, does not collapse prior to 
cooling below the glass transition temperature of the polymer. 
Early collapse can lead to fusing of the annular base to itself, 
and also will eliminate the annular geometry, thereby leading to 
wall shape distortion. Additionally, the gas flow rate should be 

35 sufficiently low such that it allows the annular base to contract 
during drawing. The precise flow rate will, of course, vary with 
process conditions. However, appropriate flow rates can easily be 
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determined by observing the extruded polymer in the drawing 
operation and the final product, and adjusting the flow of gas 
consistent with the above criteria. 

Although it is not intended to limit the invention by theory, 

5 it is believed that the annular capillary channel base which exits 
from the annular base orifice design subjects the capillary 
channel walls to radial stresses without appreciable tangential 
stresses. This can result in high degrees of shape retention. 
Such improved results are exemplified by the photomicrographs 

10 shown in Figures 19, 20, 21, and 22. Figure 18 is a 
photomicrograph of a capillary channel fiber made from an 
extrusion die having a non-annular base orifice, of the general 
type shown by Figure 9. 

Extrusion dies 20 having annular base orifices 31 are 

15 exemplified in Figures 12, 13, and 16. Each of these figures is 
further characterized by capillary channel wall orifices 28 
extending radially outwardly from the base orifices 31. The 
capillary channel wall orifices can be primarily of consistent 
distances apart as shown in Figures 12 and 16, to provide 

20 capillary channel structures wherein the capillary channels are 
primarily of substantially the same width. Alternatively, the 
capillary channel wall orifices 28 can be of varying distances 
apart from adjacent wall orifices to provide a capillary channel 
structure having capillary channels as previously discussed and is 

25 also shown in Figure 13, wherein the capillary channel wall 
orifices 28 have alternately different spacing, as exemplified by 
the spacing between wall orifices Ti and T2, and between wall 
orifices T2 and T3. Each of Figures 12, 13, and 16 are 
characterized by strut regions 34. The reason for such strut 

30 regions 34 is practical in nature rather than required for any 
theoretical or product performance oriented reasons. These 
practical reasons are apparent from Figure 14 which shows a 
perspective view from the polymer-approach side of an extrusion 
die having an annular orifice design. Figures 12, 13, and 16 also 

35 show support layer 82, extrusion die orifice layer 80, which are 
discussed in more detail in connection with Figure 14. As shown 
in Figure 14, extrusion die 20 comprises extrusion die orifice 
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layer 80 fixably attached (such as by brazing) to extrusion die 
support layer 82 having internal struts 84. The orifice layer 80 
must be attached to the support layer 82 at regions both outside 
of annular base orifice 31 and inside of annular base orifice 31. 

5 This is necessary in the exemplified extrusion die, because 
annular base orifice 31 is circumferential in design and would not 
otherwise remain securely in place. The annular base and wall 
orifices can be machined by electrical discharge machining after 
the layers are brazed. Also shown are capillary channel wall 

10 orifices 28 and gas inlet port 26. 

Extrusion dies 20 shown in Figures 12, 13, and 16 
additionally have gas Inlet ports 26 through which gases, or 
gaseous mixtures, such as air can be introduced to the interior 
portion of the annular base of a capillary channel structure upon 

15 exit from the annular base orifice extrusion die. 

Referring specifically to Figure 16, capillary channel wall 
orifices 28 have capillary channel wall orifice extensions 36 
extending from the end of the walls 28 distal to the annular base 
orifice 31. These wall extension orifices 36 preferably extend at 

20 a radially inward angle 0" (i.e., toward the annular base orifice 
31) of from about 5^ to about 30° more preferably from about 10© 
to about 20^. Such orifice design has been found to be useful for 
making tapered capillary channel shapes as shown by the drawing of 
Figure 17 and the photomicrograph of Figure 21. The polymer 

25 flowing through the wall extensions 36 form capillary channel wall 
extensions (see Figure 17, element 38, 38'). Upon drawing, the 
wall extensions are believed to be subjected to radial stresses 
which cause the wall extension angle to shift from a radially 
inward direction to a radially outward direction. 

30 TEST METHODS 

The following procedures are useful for determination of 
parameters used to define and evaluate the c. illary channel 
structures of this invention. The procedures may require 
preparation of structures of varying lengths, some of which may 

35 exceed the length of the structure actually intended for use. It 
is to be understood that any structures shorter than lengths 
required by the procedures are evaluated on the basis of 
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equivalent structures having the requisite lengths set forth in 
such procedures, except as may be otherwise specifically provided. 
Specific units may be suggested in connection with measurement 
and/or calculation of parameters described in the procedures. 
5 These units are provided for exemplary purposes only. Other units 
consistent with the intent and purpose of the procedures can be 
used. 

Specific Caoillarv Surface Area and Volume Procedure 

This procedure is used to determine Specific Capillary 

10 Surface Area (SCSA) and Specific Capillary Volume (SCV) of a 
capillary channel structure. The procedure is applied to a 
photomicrograph which shows a representative cross-section of the 
capillary channel structure. The cross-section of the structure 
is prepared for photomicrographing by embedding and microtoming 

15 techniques known to those skilled in the art. The following 

equations are used: : 

(1) SCSA - S I Pv 

x=i — 

f As 

I 

20 (2) SCV - f Avv 

wherein: - density of the solid (i.e., polymer); 

As - area of the cross -section of capillary channel 
25 solid perpendicular to the capillary channel 

axis which bounds those capillary channels 
within the scope of criteria (a) and (b), 
below; 

Px - the sum of the perimeters of the cross section 
30 °^ solid forming each of the capillary 

channels, x, wherein each perimeter Px bounds 
the capillary channel and is within the 
theoretical closure provided by Cx; 
Avx « the sum of the void areas of the capillary 
35 channel structure wherein each Avx is 

calculated as the area bounded by the 
perimeter of the solid forming the channel and 
by Cx; and 
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wherein i is the number of capillary channels in the structure, x 
refers to specific capillary channels of a capillary channel 
structure, and Cx corresponds to that part of a circle which is 
convex toward the interior of the channel and which is of a 
S selected diameter that closes each capillary channel, x, wherein 
the circle, Cx is sized and positioned according to the following 
criteria: 

(a) the circle, Cx, is tangent to both walls of the 
capillary channel, x, at the points where it meets the 

10 walls; and 

(b) for each capillary channel, x, the circle Cx meeting (a) 
maximizes Avx for each such channel, x, subject to the 
limitations that: 

(1) the lines tangential to the intersection of Cx and 
15 the capillary channel walls intersect to form an 

angle of 120° or less; and 
(ii) Cx can have a radius of no greater than about 0.025 
cm with respect to the actual scale of the 
capillary channel structure (circle radius will be 
20 enlarged by the same magnification factor applied 

to the actual structure In the photomicrograph^). 
For capillary channel structures having capillary channel, 
wall fluid exchange orifices, the effect on SCV and SCSA will 
generally not be of numerical significance due to the thin walls 
25 of the capillary channel structures hereof, and can generally be 
disregarded in the calculations. 

For capillary channels having multiple points of tangency 
with a circle of maximum radius, as provided above, the circle is 
positioned so as to maximize cross-sectional area (Av) of the 
30 channel. For capillary channel structures having variation in 
cross-sectional size or shape, sufficient cross-sections can be 
evaluated to provide a representative weighted average SCV and/or 
SCSA. If, however, any portion of the structure of linear length 
(in the axial direction of the capillary channels) of at least 
35 about 0.2 cm, preferably at least about 1.0 cm, has a SCV and SCSA 
within the claimed ranges hereof, that such structure is said to 
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comprise a capillary channel structure of the present invention. 
Preferably, at least about 50%, more preferably at least about 
75%, most preferably essentially 100% of the axial length of the 
structure will fall within the SCV and SCSA hereof. 

5 For capillary channel sheets, particularly those with 

capillary channel bases of relatively large width, a 
representative sample of the product having a fraction of the 
total width of the base can be substituted in place of the entire 
cross-section of the sheet. Such fractional sample of the sheet 

10 preferably has a width of at least about 0.5 cm. The purpose of 
SCV and SCSA, as defined above. Is to provide quantitative 
analysis of structures characterized by open capillary channels. 
It is conceivable that such structures can have solid portions, 
appendages, and the like, which do not otherwise contribute to the 

15 definition of the capillary channels in this procedure. The above 
criteria will exclude perimeter and void areas corresponding to 
such nonfunctional portions of the structure from the 
calculations. Also, the cross- sectional area of nonfunctional 
solid elements is not to be included in the calculation of Ag. 

20 Exclusion of such perimeters and cross-sectional area is 
exemplified in more detail below. 

Figure 24 exemplifies a capillary channel structure fragment 
800 and application of the SCV and SCSA procedure thereto. Shown 
is the fragment BOO of solid (i.e., polymer) having area As. 

25 capillary channel void areas Avi, Av2» AV3, Av4, with 
corresponding capillary channel perimeters Pj, Pg, P3, P4 and 
theoretical closure circles Ci, C2, C3, and C4. Also shown are 
circles C5, Ce, C7. Radii ri', ri", r2', r2», rs', ra", r4', r4% 
rs, re, r; are each perpendicular to the line tangent to the 

30 points of intersection mj', mi«, m2S ra2", ro3', m3", m4', m4«, ms, 
ni6» ni7» respectively, between the corresponding circles, Ci, C2, 
C3i C4, C5, Ce, C7 and the solid material of fragment 800. 

_ The circles Ci, C2, C3, and C4 are drawn so as to meet the 
above criteria. As can be seen circles Ci and C2 are limited in 

35 radius n, r2 by angles 71, 72 which represent 120° angles of 
intersection between tangent lines ti', ti", and between t2', t2', 
respectively. Avi, Av2, AV3, and AV4 are the areas bounded by 
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perimeters Pi, P2, P3, and P4, and curves cc], cc2, CC3, and CC4, 
respectively. Circles C3 and C4 represent the maximum size circle 
for capillary channels, wherein the angle of intersection of lines 
drawn tangent to the circle at points m3', in3" and at 1114' and m4», 
5 respectively, would be less than 1200. Thus, as represented in 
this exemplary figure, circles C3 and C4 would each have radius of 
0.025 cm, after reduction for magnification effects. Perimeters 
are determined as the length of the solid boundary Interior to the 
channels between the points of intersection between the circle and 
10 the solid for each channel. C5, Ce, and C7 represent circles of 
maximum radius applied to portions of the structure which do not 
qualify as capillary channels according to the criteria of this 
procedure. Hence, P and Av for these circles would be zero. As 
can be seen, the area of the solid between m4' and m4" would be 
15 included within Aj since such solid corresponds to capillary 
channel walls bounding channels within the criteria for Av in the 
calculation of SCV and SCSA. Areas Ax3' and Ax3", which are 
bounded by linear extensions of the radii ry, r4«, (said radii 
being perpendicular to the line of tangency between the circle C3 
20 and the walls of the channel), are not included in As- Likewise, 
radius r4' truncates area Ax4 from the calculation As based upon 
extension of r4' of circle C4. 
CaDillarv Sorption Procedure 

The following procedure is used to determine equilibrium 
25 intra-structure capillary sorption of capillary channel 
structures. This procedure is applied to single capillary channel 
fibers, or single strips cut from capillary channel sheets wherein 
the strips are cut to widths of about 0.5 cm wide or less. Such 
strips are cut from the sheet in the direction parallel to the 
30 capillary channels. If the capillary channel sheet has varying 
capillary channel size, shape, or other varying parameter across 
its width, a plurality of strips sufficient to provide a 
representative weighted average Capillary Sorption value can be 
evaluated. Alternately, the entire sheet can be cut into strips 
35 of equal width and then evaluated and averaged to provide the 
Capillary Sorption of the sheet. If any portion of the sheet 
having a width of at least about 0.5 cm, preferably at least about 
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1.0 cm, has an averaged Capillary Sorption within the limitations 
for Capillary Sorption hereof, that sheet is said to comprise a 
capillary channel structure of the present invention. 

A balance having a sensitivity of at least about 0.0002 g and 

5 having the capability vf weighing samples suspended beneath it, 
such as a Mettler AE200 Balance (available from Mettler Instrument 
Co., Highstown, NJ, USA), is positioned on the top surface of a 
weighing table above a hole drilled through the top surface of the 
table. A wire is suspended from the weighing mechanism of the 

10 balance and extends through the hole in the weighing table. The 
wire is equipped with a non-absorbent clamp means below the top 
surface of the weighing table for securing the end of a capillary 
channel structure (hereafter "sample") to the wire. A pair of 
tweezers with a rubber band for locking the tweezers in a closed 

15 position about the sample, or equivalent, can be used as clamp 
means. 

In the event that the sample has a hollow core, both ends of 
the sample must be sealed to prevent capillary fluid flow through 
the core. This can be done by fusing shut the end of the sample 

20 which is later immersed in the test fluid. A hydrophilic fabric 
is wetted with fluid and partially immersed in its own reservoir. 
The hydrophilic fabric reservoir contains the same type of fluid 
as the test fluid of the sealed base, but the two reservoirs are 
distinct, such that the hydrophilic fabric does not contact the 

25 liquid test fluid into which the test sample will be partially 
imnersed. Prior to beginning this procedure for sample capillary 
sorption evaluation, the hydrophilic fabric is positioned as 
described below for at least about 60 minutes, to allow the tube 
interior humidity to equilibrate. Upper and lower telescoping 

30 glass tubes, or equivalent, are disposed vertically beneath the 
weighing table and centered around the hole in the top surface of 
the weighing table to inhibit evaporation of the test fluid. The 
interface between the upper tube and the weighing table is sealed 
with an 0-ring. The lower tube is of slightly smaller diameter 

35 than the upper tube, such that it can vertically slide when at 
least part of it is disposed inside the upper tube. The juncture 
between the upper and lower tubes is slideably sealed with a 
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second 0*ring. At the bottom of the lower tube is a sealed base 
suitable for containing fluids without leakage. To determine 
capillary sorption of water, distilled water should be used as the 
test fluid. To determine capillary sorption for oleophilic 

5 structures hereof, n-decane can be used. The sheet of hydrophilic 
fabric (e.g., VISA™ polyester fabric, Milliken & Co., 
Spartanburg, South Carolina, USA, or equivalent) is wrapped 
against the inside surface of the lower tube, and secured in place 
with the bottom of the sheet immersed in the fluid of the 

10 hydrophilic fabric reservoir^ The following tube and hydrophilic 
fabric dimensions are useful, but other tube sizes which provide 
corresponding results may be used: Upper tube * 40 cm in length 
with a 5.9 cm inside diameter; lower tube * 33 cm long with a 5.8 
cm outside diameter; hydrophilic fabric - about 30 cm x about 10 

25 cm. A jackstand is placed beneath the lower tube to support the 
tube in a desired vertical position. 

Prepare a series of capillary channel structure samples to be 
tested of lengths of 2.0, 3.0, 4.0, 5.0, 7.5, 10.0, 15.0, 20.0, 
25.0, 30.0, 35.0, and 40.0 cm. With respect to each sample, 

20 securely attach a lead bead (at least about 0.2 grams), or 
equivalent, to one end of the sample. With respect to lead beads, 
said beads can be attached by making a transverse slit in the bead 
extending to about one-half of its diameter, and crimping the bead 
onto the sample, with approximately 1 mm of an end of the sample 

25 crimped inside the lead bead. Approximately 1 mm portion of the 
sample at the other end Is secured to clamp means (described 
above) and suspended from the balance by the wire. Position the 
upper and lower tubes to encompass the region surrounding the 
suspended sample from the base to approximately 1 to 2 centimeters 

30 from the bottom surface of the weighing table. Test fluid Is 
provided in the sealed base of the lower tube. Position the 
sample just above the test fluid in the base such that the sample 
touches neither the test fluid nor the sides of the tubes. 
Determine and record the dry weight of the sample and lead bead 

35 (^'l)- Raise the jackstand until the top of the lead bead is 
immersed to just below the fluid surface. The upper tube is 
raised until it contacts the underside of the weighing table with 
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its 0-ring contact. The second 0-ring is slid upward on the lower 
column until it contacts and supports the upper tube. The fluid 
is allowed to wick up each sample until equilibrium is 
substantially reached. Typically, a period of two minutes per l.o 

5 cm of sample length is sufficient. However, the equilibrium time 
can vary either above or below such amount. The jackstand is then 
lowered until the lead bead, in its entirety, clears the test 
fluid and the total weight of the fluid absorbed, the sample and 
the bead is measured and recorded (Ha). This test is run for each 

10 sample length. 

A graph of weight of fluid uptake {Wf«W2-Hr, (g)) as a 
function of sample length (cm) is prepared. Additional sample 
lengths and replicates should be prepared and tested to supplement 
the data base as may be appropriate for good laboratory practice. 

15 A curve is fit to the data points using an appropriate numerical 
differentiation curve fitting technique, as described, for 
example, in Perry's Chemical Engineers' Handbook, 6th edition, 
edited by D. W. Green, McGraw-Hill Book Co., New York (1984), at 
pp 2-65 through 2-66. The curve is differentiated at points 

20 corresponding to the sample lengths. This gives incremental fluid 
weight (dWf/dL) as a function of sample length (cm), which also 
essentially corresponds to the height of the fluid increment above 
the reservoir. Divide each dWf/dL (g/cm) by both average 
capillary channel structure linear density (g/cra) and by fluid 

25 density (g/cm3), to obtain absorbent capacity (in cm3 of fluid 
absorbed per gram of capillary channel structure) as a function of 
capillary suction (height of fluid (cm)). Plot absorbent capacity 
(cm3/g) as a function of capillary suction (height (cm) of fluid). 
A curve is fit to this plot using a nonlinear regression curve 

30 fitting technique as described in Perry's Chemial Engineers' 
Handbook, 6th edition, at pp 2-107 through 2-113. From this 
Capillary Sorption curve, absorbent capacity can be read at 
particular levels of capillary suction. 
Vertical Wicki no Rate Prnrprinra 

35 This procedure is used to determine intra-structure Vertical 

Wicking Rate for capillary channel structures. In general, the 
purpose of the procedure is to visually observe and record the 
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vertical position of fluid as it wicks up the capillary channels. 
The procedure is applied to capillary channel fibers, or slices of 
capillary channel sheets as described above in connection with the 
Capillary Sorption Procedure. The test fluid is dyed to 

5 facilitate measurements. The fluid to be used for evaluation of 
vertical wicking ability of aqueous solutions is distilled water 
dyed with 0.05% FDiC Blue #1 (hereinafter "Dyed Distilled Water"). 
Suitable FD&C Blue #1 dye is commercially available (e.g., from H. 
Kohnstamm & Co., Inc., NY, NY, USA). 

10 Unless otherwise specifically indicated, this procedure is 

applied to single (or "individual") fibers or single slices of 
sheets. However, this procedure may also be adapted for 
measurement of vertical wicking rate and distance of bundles of 
fibers and/or slices of sheets. Also, as described in the 

15 Capillary Sorption Procedure, lead beads, or equivalent, are used 
to weight the samples of capillary channel structures and hollow 
core samples are sealed (e.g., fused) at their ends. 

A closed bottom glass tube of approximately 5.0 cm inside 
diameter by 25 cm height is provided. Sufficient test fluid is 

20 added to provide a depth of about 2.5 cm. A circular plate with 
three, approximately 3 cm legs is inserted into the bottom of the 
tube with the legs resting on the bottom of the tube. The purpose 
of the plate is to serve as a reflection shield. A 1.3 cm 
circular hole is drilled in the center of the plate. A ruler 

25 marked in millimeters is attached to the outside of the tube. A 
rubber stopper is provided to close the top of the tube. The 
stopper has a centrally positioned hole to allow clamp means, for 
suspending a sample in place below the rubber stopper, to be 
inserted into the tube. The hole is sized such that the tweezers, 

30 or other clamp means as may be applicable, remain in a locked 
position when disposed within the rubber stopper hole. Tweezers 
can be used as clamp means. Clamp means must fit into the the 
hole in the rubber stopper so as to allow for adjustment in height 
of the sample. 

35 To initiate the procedure, a sample of capillary channel 

structure of about 24 cm in lengthy with a lead bead clamped onto 
about 1 mm of the sample at one end, is suspended by the clamp 
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means from the other end such that the top of the lead bead is 
submerged and a timer is started. The time required for the fluid 
to reach each 0.5 cm height increment is recorded. A low power 
microscope may be used to aid tracking of the fluid up the sample. 
5 Vertical Wi eking Rate can be determined by preparing a plot 

of fluid height versus the square root of time to achieve that 
height. 

This procedure can also be applied to bundles of the 
capillary channel fibers. 

10 Compressive Strength Procedure 

This method describes a procedure that is used for 
determining wet and dry Compressive Strength for single capillary 
channel fibers and sheets (hereinafter "samples"). In general, 
this procedure involves determination of the reduction in 

15 thickness of the structure as weight loaded on the structure is 
increased. Samples are pressed between a pair of self-aligning, 
horizontal, rigid plates. These plates should be made of 
stainless steel or other rigid, non-corrosive metal, and should 
have precision-ground mating surfaces. Weight is applied to the 

20 plates and the thickness reduction is measured. If fibers, as 
opposed to sheets, are being tested, two of the fibers are 
parallel -mounted between the plates sufficiently spaced apart to 
prevent tilting of the plates upon application of weight or 
pressure. Sheets of capillary channel structures, depending upon 

25 width, are paral 1 el -mounted as appropriate. The bottom plate of 
the pair of self-aligning rigid plates has three rigid legs of 
equal length mounted in a tripod configuration to provide 
stability. The upper plate has a metal (e.g., steel) ball of 
about 1.5 cm in diameter fixably mounted at its center on the top 

30 of the plate. A bottom, mounting plate of the dimension 5 cm x 5 
cm X 1 cm (thick) with 0.3 cm length legs and a top plate of the 
dimensions 2.5 cm x 2.5 cm x 0.5 cm (thick) can be used in the 
test. Other sizes, material, etc. can be used as long as 
equivalent results are obtained. The weight of the upper plate 

35 and force inherently applied by the dial indicator are measured 
and recorded prior to testing. 
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The equipment used includes the following: Ames Model 87-025 
thickness gauge (available from B. C. Ames Co., Waltham, Mass., 
USA), or equivalent; Ames Model 452 Dial Indicator with a spindle 
extending both above and below the indicator gauge; the upper 

5 portion of the spindle is suitable for mounting additional weight; 
at the bottom of the portion of the spindle extending below the 
gauge is a 1.0 square inch (6.45 cm^) spindle plate; the Dial 
Indicator is adjustably mounted to the stand of the thickness 
gauge. The Model 452 Dial Indicator or alternate indicator used 

10 is readable to at least approximately 0.0001 inch (approximately 
0.00025 cm). The capillary channel structure samples tested 
should be approximately 5 cm in length, although shorter samples 
can be substituted based upon availability. If structure lengths 
of less than 5 cm are to be used in product application, the 

15 structure can still be tested at longer length, and testing 
lengths of 5 cm are preferred for ease and convenience of 
mounting. The samples are mounted on the bottom mounting plate. 
Mounting of the samples can be done with cellophane tape. The 
sample(s) should be mounted In a substantially straight, untwisted 

20 condition and should lie flat on the mounting plate. Textured 
materials should be tested prior to texturing^ The tape should be 
outside the area of the upper plate and should not contact the 
upper plate at any time during the test. Preferably, no portion 
of the tape is less than 0.5 cm from the upper plate. In the case 

25 of parallel -mounted samples, the samples should be mounted 1.5 cm 
apart, each 0.75 cm from the center of the mounting plate. In the 
case of single sheets, the sheet should be centered over the 
center of the mounting plate. The sample(s) are mounted such that 
the capillary channel base, If planar, is parallel to the plane of 

30 the mounting base. If the capillary channel structure's base is 
cylindrical, or other shape, the structure can be mounted at any 
geometrical orientation at which it will naturally lie. The 
compressibility of structures having capillary channels on one 
side, or both sides, of structures with planar bases as well as 

35 structures having capillary channel walls extending radially from 
the entire circumference of a cylindrical core can be determined 
by this procedure. After the samples(s) are mounted, the mounting 
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base is centered under the spindle plate. The upper plate is then 
centered and over the mounting base, to rest on the mounted 
sample{s), with the attached metal ball facing upward and centered 
directly under the spindle plate. 

5 Thickness of the sample(s) is measured by slowly lowering the 

dial indicator spindle and spindle plate toward the ball of the 
metal cover plate until the spindle plate contacts the ball. 
After 30 seconds have elapsed subsequent contact between ball and 
spindle plate, to allow for equilibration, thickness Is recorded. 

10 The spindle and spindle plate are then raised to disengage the 
spindle plate from the metal ball. Thickness measurement is 
repeated, with incrementally increasing amount of weight added to 
the spindle after the spindle plate has been disengaged from the 
metal ball. The amount of weight incrementally added may vary 

15 depending upon the compressive strength of the sample(s), but 
typically will "be on the order of 10 to 100 grams per thickness 
measurement. Thickness measurements with incremental weight 
increases are repeated until the measured thickness (t) is equal 
to tso, as defined below. 

20 Thickness (t) as a function of applied pressure (Pr) is 

calculated for each data point. Pr is calculated as the total 
weight (Wj) applied to the sample(s), i.e., the sum of the masses 
of the upper plate, spindle, and weight added to the spindle, 
divided by the initial sample area. The initial sample area Ai is 

25 the maximum cross -sectional area of the sample(s) that would be 
parallel to the horizontal plane of the mounting plate upon 
mounting of the sample(s) determined prior to compression. 

Compressive Strength (CS) is defined as the pressure at which 
initial sample capillary void volume (Vi) is decreased to 50% of 

30 Vi. The thickness at which this occurs (tso) is calculated as 
follows: 



35 



tso 




0.5 Vi + iwin] 

^ J J 



wherein M/L « sample weight per unit length, Z - length of the 
sample,^ is as previously defined, and Vi is measured as the total 
void volume of the structure enclosed by the straight closure 
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chords (See Slenderness Ratio procedure with respect to the 
closure chords). 

This Compressive Strength procedure can be applied to wet or 
dry samples. To determine Wet Compressive Strengths, the sample 
is soaked in fluid, for 5 minutes, gently shaken, and then mounted 
and tested as described above. 
Adhesion Tension Procedure 

Adhesion Tension of the capillary channel structures is 
determined according to the Wilhelmy Slide Method, as applied to a 
smooth, rectangular strip of film prepared with the same polymer 
composition and surface tension-modifying treatment^ if any. 
Determination of adhesion tension by the Wilhelmy Slide Method is 
known to those skilled in the art, and is described by Arthur W. 
Adamson in Physical Chemistry of Surfaces , second edition, 
Interscience Publishers (John Wiley & Sons, New York), 1967, at pp 
26-28 and 353. For application herein, the film thickness should 
be about 50 microns and film width should be at least 2.0 cm. 

For determining hydrophilicity of the material, distilled 
water is used as the test fluid. For determining oleophilicity, 
n-decane can be used. This procedure can also be used to 
determine adhesion tension with other test fluids as well. 

In general, a strip of the film is vertically suspended 
beneath an analytical balance, such as a Mettler AE 200 (Hettler 
Instrument Co., Highstown, NJ, USA), or equivalent, such that 
about 0.1 cm of the film is submerged in test fluid. The 
reservoir of test fluid should be sufficiently larger such that 
fluid transported up the side of the film has an insignificant 
effect on fluid level in the reservoir. Generally, test fluid 
reservoirs of about 7 ml are sufficient. Thus, the area of film 
initially submerged would be approximately 0.1 cm times twice the 
width of the film strip. After 60 seconds, the apparent weight is 
recorded. This procedure is repeated with new, identically 
prepared strips of film and fresh test fluid as appropriate to 
obtain statistically reliable results. 

Adhesion tension (T/\[}) is calculated according to the 
following equation: 

Tad - wtot - (Wplate - b) 

P 
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wherein Wtot - apparent weight of the film after 60 sec. 
innersion; 

WPLATE " initial weight of the film; 

b - buoyancy correction for the immersed portion of 
film (b « volume of immersed portion of film times 
density of the fluid); and 

P « the perimeter of the film in contact with the test 
fluid. 

Procedures for Slen derness Ratio. Capillary Channel Width, anri 
Average Structure Thickness 

Slenderness Ratio (S), capillary channel width (CCW), and 
Average Structure Thickness (tave) ai'e determined according to the 
procedures as follow. The procedures are implemented based upon a 
photomicrograph of a representative microtomed cross-section of 
the capillary channel structure, as previously described. For 
capillary channel structures having variation in Slenderness 
Ratio, capillary channel width, and Average Structure Thickness in 
the axial direction of the capillary channels, sufficient 
cross-sections should be evaluated to provide a representative 
weighted average Slenderness Ratio, capillary channel width, 
and/or average structure thickness value. If, however, any 
portion of this structure of linear length in the axial direction 
of the capillary channels of at least about 0.2 cm, preferably at 
least about 1.0 cm, has a Slenderness Ratio, capillary channel 
width, and/or average structure thickness value within the ranges 
hereof, then such structure may comprise a capillary channel 
structure of the present invention. Reference is made to Figure 
26 for exemplary purposes of the procedures. 

The following equations are used: 

S - L2/4Ast 



tave - 2Ast/L 
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wherein: L - total solid perimeter of the cross-section of the 
structure; and 



Ast ■ total area of the cross-section of the solid 
5 forming the structure perpendicular to the 

capillary channel axis 



CCW is the length of the straight closure chord of a 
capillary channel structure wherein said chord closes said 

10 intra- structure capillary channel and which tangentially contacts 
the points of intersection with the capillary channel walls of 
said channel in such a way to maximize the volume of the channel. 

Figure 25 shows, for exemplary purposes, a cross-section of a 
capillary channel structure 900 having chords Wi» W2, H3, W4, W5, 

15 and We for capillary channels Ci, Cg, C3, C4, C5, and Cs, 
respectively. Figure 26 also indicates the region corresponding 
to total cross-sectional area Ast and Indicates continuous line 
Pl» the length of which is the total perimeter L. 
Procedures for Determining Capillary Channel Wall Parallelism and 

20 Peroendicularitv 

A representative cross-section of a capillary channel 
structure is microtomed as previously described and a 
photomicrograph of the cross-section is prepared. Reference can 
be made to Figure 26 which exemplifies various aspects of the 

25 procedure. For each capillary channel, of a capillary channel 
structure, a straight channel closure chord tangentially 
contacting the capillary channel walls of the channel is drawn to 
close the channel while maximizing area within the closed channel. 
In practice, this can be done by simply placing a straight edge of 

30 a length in excess of the widest part of the channel, tangential 
to the distal portion of each of the walls forming the channel. 
The length of the chord is determined as the minimum distance 
between points of intersections between the chord and each of the 
two walls. Line segments LSxi, LSx2> each having a length, equal 

35 to 75% of the length of closure chord Wx, are located such that 
the ends of each such line segments LSxi, LSx2> contact the 
interior surfaces of channel walls CWx, CWxy which serve as the 
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boundary to the capillary channel. Similarly, the ends of line 
segments LSyi, LSy2 are 75% of the length of closure chord Wy and 
contact the interior surfaces of channel walls CHy, CWxy, 
respectively. The line segments can cross the boundary of Ihe 

5 channel walls at points intermediate to the ends of the line 
segments. If the line segments can be positioned such that the 
divergence angle between the line segments is from 0° to about 
400, the channel walls are said to be substantially parallel. It 
may also be preferable for the walls to be substantially 

10 perpendicular to the capillary channel closure chords. Each 
capillary channel wall will form the boundary of either one or two 
distinct open capillary channels. For example, in Figure 26, wall 
CWx forms the boundary of one channel Cx» whereas wall CWxy forms 
the boundary of two channels Cx, Cy. When the wall serves as 

15 boundary for one channel, the wall is said to be substantially 
perpendicular to the closure chord if the line segment .contacting 
the interior surface of that wall: a) can have a counterpart line 
segment on the opposing wall of that capillary channel wherein 
such line segments are substantially parallel; and b) is at an 

20 angle relative to the closure chord within 90© + about 30© , 
preferably + about 15©. When the wall serves as boundary for two 
channels, the wall is said to be substantially perpendicular to 
the closure chords if the line segments contacting that wall for 
each of the channels meet requirements a) and b), such that for 

25 each channel, substantially parallel line segments can be drawn 
wherein the line .segments common to a specific wall are each 
substantially perpendicular to the corresponding closure chord. 
Perpendicularity to the plural term "closure chords" shall for 
convenience be interpreted to apply to situations both where 

30 perpendicularity to one or to two separate closure chords is 
required according to the above criteria. Also, if a specific 
line segment of a pair of substantially parallel line segments can 
be, drawn at an angle of 90© + 300, preferably + about 15°, 
relative to the base, the corresponding wall is said to be 

35 substantially perpendicular to the base. 

As shown in Figure 26, by capillary channel structure 1400, 
LSxl and LSx2 are clearly substantially parallel to one another. 
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and intersect Wx (upon extension) at angles 7a and 75 which> in 
the figure, are about 93^ and about 88©^ respectively. Line 
segments LSyi and LSy2 are also substantially parallel, and 
intersect chord Wy at angles 7c Yd* which, in the figure, are 

5 about 91^ and about B8^^ respectively. Hence, walls C^x C^^xy 
can both be said to be substantially perpendicular to their 
closure chords. Referring now to Figure 27, showing capillary 
channel structure 1100, having a linear wall 1110, 1110' and base 
1120 cross-sectional shape, the angles 7^, 7f between walls 1110, 

]0 1110' and base 1120, respectively, are about 90^ and consequently 
are considered to meet the criteria for being substantially 
perpendicular to the base. 

gXAHPUS I > IV 

Capillary channel structures of the present invention are 

25 made by melt spinning thermoplastic polymer as described below. 

The structures are made utilizing a laboratory spin line 
useful for melt spinning thermoplastic polymer. A suitable spin 
line can be obtained from Kill ion Extruders, Inc., West Palm 
Beach, Fla. The spin line includes a hopper/dryer, a one Inch 

20 (2.54 cm) extruder, a metering pump assembly including two gear 
pump drives and an extrusion die block, three heated chimneys, one 
unheated air quench, one Godet, and a fiber winder. 

Thermoplastic polymer resin, example Kodak PETG copolyester 
6763 (Eastman Chemical Products, Inc.) Is predried in a 

25 dehumidifying-type of hopper/dryer for four hours at HO^F {6OOC). 
The polymer, provided in the form of pellets, is gravity dropped 
directly to the extruder. The extruder is a Kill lor :>ne inch 24:1 
L/D barrel with heat/cool ccntrol in the feed, compression, and 
metering zones. Temperature Is controlled In these zones by a 

30 Eurotherm type 805 controller (Eurotherm Corp., Reston, VA, USA\ 
At the exit port of the extruder, a breaker plate retaining a 
screen pack is used to remove degradation products and particulate 
contamination introduced with the bulk polymer. The screen pack 
comprises a screen size configuration of mesh sizes 60, 80, 250, 

35 300, 250, 80, and 60. After exit from the extruder, the molten 
polymer is pumped to the extrusion die block having a candle 
filter pack (20 micron pore size) and an extrusion die with an 
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orifice design useful for making the capillary channel structures 
of the present invention. Heated gear pumps are used to 
facilitate maintenance of a steady and consistent throughput at 
the desired level. Polymer is pumped through the extrusion die 
orifice to form the undrawn capillary channel structure. Upon 
exiting the die, the capillary channel structure enters in 
sequence three independent chimney units each being zoned-heated 
with individual temperature controllers. The chimney units are 
stacked vertically beneath the extrusion die. Below the third 
chimney unit is an air quenched assembly unit with an adjustable 
flow air blower for quenching polymer temperature with unheated 
air. Beneath the air quench assembly is the Godet for drawing the 
capillary channel structures, followed by a fiber winder. The 
following extrusion process parameters shown below in Table I are 
useful for making capillary channel structures. 

TAPIS I 



EXAMPLE 
I_ 



EXAMPLE 
II 



EXAMPLE 

ni 



Extrusion Die: 
Orifice Design* 
Wall Orifice Width 

(Microns) 
Base Orifice Width 

(Microns) 
Base Orifice Diameter 
Wall Orifice Length 
Inter-Wall Orifice 
Distance (at base) 

Angle Between Wall 
Orifices Adjacent 
to Spider 
Air flow rate through 
Gas Inlet Port 
(ml/min.) 
Polymer Temperature 
at Pump Outlet (OC) 



EXAMPLE 
IV 



Fig. 9 Fig. 12 Fig. 13 Fig. 16 



140 



140 



.61 cm 



.20 cm 



140 
178 

3.8 cm 
1.27 cm 

.133 cm 



222 



180 



9.2 



220 



140 

178 

3.8 cm 
.74 cm 



.065 cm/ 
.183 cm 



20.5© 



10.0 



140 

178 
2.5 cm 
1.18 cm* 

.25 cm 



221 



22.50 



9.2 



221 
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Polymer Flow Rate 
Through Pump 

(cc/min.) 1.0 3.0 3.0 2.0 
Die Block Operating 

Pressure (HPA) 4.07 4.90 3.03 2.97 
Die 61oci( Temperature 

(OC) 223 224 224 223 
Chimney Temperatures (©C)*** 

Chimney Zone 1 99 122 127 135 

Chimney Zone 2 69 93 93 93 

Chimney Zone 3 Ambient 93 93 93 
Air Quench Temperature 

(OC) 20 19 20 20 

Draw Ratio 3040 5875 5100 5124 

Denier 60 199 223 200 

* Refers to the general design of the extrusion die orifice. 

** Includes length of both orifice extensions. 

***Chimney zone temperatures represent temperature of the interior 
surface of the chimney. 



WHAT IS CLAIMED IS: 



30 



35 



wo 91/12949 



PCr/US91/00923 



1. Capillary diannel polymeric st^ructures haviiig one cr 
nnre iixtxastructtxce cspillaxy channels f onaaJ by a ce^uLllazy 
cbannel base and at least two cc^illary channel walls, each havijxr 
a base end and a distal end and each extending fron said base 
along tbB length of said base in the axial direction for at least 
0*2 cm, sedd structures being characterized by having a Specific 
Capillary Volume of at least 2.0 cc/g, preferably at least 2.5 
oc/g, nore preferably at least 4.0 oc/g; a Specific C^illary 
Surface Area of at least 2,000 cm^/g, preferably at least 3,000 

2 2 
cm /g, more preferably at least 4,000 cm /g; and a Ccnpressive 

Str en gth (DEcy) of at least 13,800 c^nes/cm^, preferably at least 

2 7 
69,000 dynes/cm , more preferably at least 138,000 dynes/cm . 

2. capillary channel structures as described in Clcdn l 
further characterized in that at least 30% of Specific Capillary 
volume is within c^illary channels that are fanned by walls that, 
in cross-section perpendicular to the ayjqi direction of the 
CE^illary channels, are substantially parallel. 

3. Capillary channel structures as described in Claiia 1 or 
Claim 2 further characterized in that at least 50% of the Specific 
Cr^pi 1 laty Volume is within capillary channels that are f crmed by 
walls that, in cross-section perpen±icular to the axial direction 
of the capillary channels, have an alignment differential of no 
mare than 30°. 

4. C^iUary channel structures as described in any of 
Claims 1 to 3 further characterized in that at least 30% of the 
Specific Capillary Volume is within cc^jillary channels that are 
fanned ty c^illary channel walls that, in cross-section 
perpendicular to the axial direction of the capillary channels, 
are substantially perpendicular to the chords closing the 
capillary channels and are furthermore preferably substantially 
perpendicular to the capillary channel base. 
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5. capillary cbaimel structures as described in any of 
ClaiiTg; 1 to 4 further characterized in that at least 50% of the 
S^secif ic Capillary Volume is within capillary channels that are 
farmed by walls that, in cross-section perpendicular to the axial 
direction of the capillary channels^ are at an angle witliin 90° i 
15° with the dicrds closing said capillary channels. 

6. Capillary channel polyioeric structures having one or 
more intrastructure capillary channels fanned by a cs^illary 
channel base and at least two capillary channel walls, each having 
a base end and a diprtal end and each e}ctending fr om said base 
along the length of said base in the axial direction for at least 
0.2 car, said structures being characterized by having a 
Slendemess Ratio of at least 9, preferably at least 15; by having 
at least 30%, preferably at least 50%, of the ce^jillary channels 
with a capillaTy channel width of less than 0.30 mm, preferably 
less than 0.10 xmj and by having a Ocnpressive Streng t h (Dry) of 
at least 13,800 dynes/an^, preferably at least 69,000 dyryss/as?, 
more preferably at least 138,000 dynes/cm^. 

7. axillary channel structures as described in Claim 6 
further characterized by having an Average Structure Ihickness of 
less than 10 laicrons, preferably less than 5 micrans. 

8. ca p illary channel structures as described in ri^im s or 
Claim 7 further characterized in that at least 30% of Specific 
Cspillary Volume is within capillary channels that are fanned by 
walls that, in cross-section perpendicular to the axial direction 
of the napil l a ry channels, are substantially parallel. 

9. C^illary channel structures as described in any of 
Claims 6 to 8 further characterized in that at least 50% of the 
Specific Capillary Volume is within cs^illary channels that are 
formed by walls that, in cross-section p p rp= * T v^ t ri ^ i ^-p to the axial 
direction of the capillary channels, have an alignment 
differ ent ial of no mare than 30*^. 
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10. Capillary cteumel struc±ures as described in Clam 6 or 
Claim 7 furtber ciiaracterized in that at least 30% of the Specific 
Capillary Volume is within capillary ciiannels that are f onoBd by 
capillary diannel walls that, in cross-section perpendicular to 
the axial direction of the capillary channels, are substantially 
perpendicular to tiie cbords closing the capillary channels. 

11. capillary channel structures as described in f^ia^Tn iq 
further characterized in t^t at least 50% of the Specific 
CapillaTY Volume is within capillary channels that, in 
cross-section perpendicular to the axial direction of the 
capillary channels, are fanned by waUs that are at an angle of 
90° — 15^ with the chords closing the c^iUary channels, and are 
furthenncre preferably substantially perpendicular to tb& 
capillary channel base. 

12. capinary channel structures as described in any of 
C^laims 1 to 11 further characterized in that the polymaric 
material fanning said structures esdiibits an Adhesion Ttension with 
distilled water of at least 20 c^nes/cm, preferably at least 25 
c^nes/ca, 

13. Capillary channel structures as described in maim 12 
further characterized in that said structures hacve a Capillary 
Sctrption, with distilled water, of at least 1.5 cc/g at 5.0 an, 
preferably at least 4.0 cc/g at 10.0 cm. 

14. Capillary channel structures as described in Claim 12 or 
Claim 13 further characterized by a Vertical Wicking Rate, with 
Dyed Distilled Water, of at least 3.0 cm in an initial 10 minute, 
preferably 5 minute, wicking period. 

15. Capil l ary channel structures as described in any of 
^IfliTBS 12 to 14 further characterized by a CcDpressive Strength 
(Wet) \jpan immersion (5 minutes) in distilled water of at least 
138,000 dynes/cm^. 
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16. GE^illary channel structures as described in any of 
ri^imcz 1 to 15 further characterized fcy a Capillary Sorptian far 
n-decane of at least 1.5 cc/g at 3.0 can and b/ being fanned frcm a 
polymeric rwi-cyiai vihich exhibits an adhesion tension with 
n-decane of at least 10 dynes/cm. 

17. Ce^illary channel structures as described in Clam 1 or 
Claim 6 charsu±erized in that said structures are fibers vdierein 
g^i ii base is a central core frcci vdiich said csqpillary channel 
walls extend radially, cr viiere said base is planar and has a 
width of less than or equal to 0.5 cm. 

18. A capillary channel polymeric sheet having a plurality 

of intrastructure capillaTy channels fanned by a planar capiJlary 

channel base and a plurality of walls, each having a base end and 

a rii5=tf-.a1 end and each e^ctending traoi said base along the length of 

said base in the axial direction for at least 0.2 cm, said sheet 

being characterized by having a Specific Capillary Volume of at 

least 1.2 cc/g, preferably at least 2.0 cc/g; a Specific Cspillary 

2 

Surface Area of at least 500 cm /g, preferably at least 2,000 
2 

cm /g; and a Occpressive Strength (Dry) of at least 13,800 
2 

dynes/cm ; and by having a planar base with a width greater than 
0.5 cm. 

19. A capillary channel polymeric sheet having a plurality 

of intrastructure capillary channels fanned by a planar capillary 

channel base and a plurality of cc^illary channel walls, each 

having a base end and a distal end and each extending fron said 

base along the length of said base in the axial direction for at 

least 0.2 cm, sciid sheet being characterized by having a 

Slendemess Ratio of at least 3, preferably at least 9; at least 

30% of the c^iUary channels having a c^illary channel width of 

less than 0.30 mm; and a Ocopressive Strength (Dry) of at least 
2 

13,800 ctynes/cm ; and by having a planar base with a width greater 
than 0.5 cm. 
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20. G^illary channel structures as descrited in Claim 1 
characterized in that said stnocture (xm i r i ses capillary channels 
having tapgned cross-secticns witii f luid-^reoeption incuths at the 
difrtal end of the cRpillary channel walls that are less tlian the 
width of said capillary channel measured at the base end of ggi d 
walls. 

21. Capillary channel structures as described in rit^im i 
characterized in that said structures have ts^iered capillary 
channel walls^ said walls being thicker at their base ends than at 
their dlFrtral ends. 

22. Capillary channel structures as described in f'TaiTn 21 
further characterized in that said tapered channel walls have 
myiTTBTm thickness of no greater than 3.0 times the Average 
Structure Thickness. 

23. Capillary channel structures as described in riaiTn 12 
further characterized in that said structures < M ! i 'r i*=?^ c^illary 
channels having planar bases, with a cross-sectional base surface 
perimeter: base width ratio of greater than 1.5. 

24. A capillary channel sheet as described in ci^^im is cr 
Claim 19 further characterized in that the polymeric material 
f annin g said sheet exhibits an Adhesion Tension with distilled 
water of at least 20 dynes/cm. 

25. A capillary channel structure or sheet as described in 
any of Claiins 1, 18 or 19 further diaracterized in that said walls 
have intercapillary fluid exchange orifices. 

26. A textile fabric characterized by ccnprisii^ the 
c ap j Uar y channel structures of ary of Clainfi 12 to 14, said 
structures being in the farm of c^illary funnel fibers. 
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27 . An extnipion p mopffp far inaking structxires with a 
plurality o£ substantially parallel capillary channels, sedd 
prpn^g characterized by the steps of: 

(a) feeding a flawable, Bolten polymer ocopositian thrcug^ 
an extrusion die Wherein the e)ctrusion die has an 
annular base orif ioe frcn a plurality of axillary 
channel wall orlfioes radially extend, such that the 
polymer ccqposition upon exiting said extrusion die 
^rrrr^gg^ a hollcw annular base and a plurality of 
capillaiy channel walls extending radially fron said 
base, said base and walls fanning a plurality of 
capillary channels, and herein said extrusion die has a 
gas inlet port located interior to said annular base 
orifice; 

(b) sisultaneously with feeding said polymer ccopositian 
thrcu^ said extrusion die's annular base and capillary 
channel wall orifioes, directing a gaseous stream 
through said gas inlet port in the same direction as the 
flow of said molten polymer occposition; and 

(c) subsequent to exit of the polymer cxnposition frcsn the 
extrusion die, drawing the capillary channel structure 
to a desired size and cooling said structure. 

28. A p rocess as described in Claim 27 further characterized 
in that sciid polymer ccnpssitian ocnprises a thermoplastic polymer 
and a h ydr xjt iii 1 i z ing agent. 

29. A process as described in Claim 27 or Claim 28 further 
characterized in that i:^x3n exit of the polymer ccnposition frcra 
the extn2sion die, said polymer cccpositian is cooled in a cooling 
zone having an ambient tenperature of at least 28^C belcw the 
tenperature of the polymer ccnpositicm as it enters sedd cooling 
zone. 

30. An extrusion die characterized in that said die 
ocoprises a capiTlaTy channel orifice layer, said layer having an 
annular base orifice from vAiich a plurality of capillary channel 
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wall orifioes a^dially extend, gajri c^illary channel arifioe 
layer further having an interior regicn and an extericor region 
relative to said annular base oorifioe, a gas inlet port ^l£=p?sgd 
within the interior region of said annular base orifice, and looans 
far f ixably maintaining said interior region in place, relative to 
sedd exterior region. 
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